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1 Whatis new?

- Update from S2e to S3

- Evidence assessment Oxford 2011 instead of 2009

- Update of evidence since 2015 with specified PICO questions

- More differentiated consideration of early mobilisation (onset <72 h after ICU
admission) in the context of ICU mobilisation

- New chapters on assistive devices and neuromuscular electrical stimulation



2 The most important recommendations

1.1: We recommend upper body elevation > 40° in intubated patients, considering
possible haemodynamic side effects and an increased risk of pressure ulcers. (strong
recommendation, LoE 1)

1.7: We suggest not using continuous lateral rotation therapy. (weak
recommendation, LoE 2)

2.1: We recommend prone positioning in invasively ventilated patients with ARDS and
limitation of arterial oxygenation (Pa02/FiO2 < 150 mmHg). (strong recommendation,
LoE 1)

2.3: We recommend performing prone positioning for at least 12 and optimally 16
hours. (strong recommendation, LoE 1)

2.13: We recommend awake proning in non-invasively ventilated patients with COVID-
19 and acute hypoxic respiratory failure. (strong recommendation, LoE 1)

3.1: We recommend early mobilisation of ICU patients within 72 hours of ICU
admission. (strong recommendation, LoE 1)

3.7: We recommend mobilising patients on extracorporeal membrane oxygenation
(ECMO) therapy. (strong recommendation, LoE 3)

3.8: We recommend an explicit prescription of medically required immobilisation.
(Expert recommendation, LoE 5)

5.1: We suggest considering neuromuscular electrical stimulation (NMES) for early

mobilisation of critically ill patients. (weak recommendation, LoE 2)
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3 Scope and purpose

3.1 Objective and research question

Mobilisation of critically ill patients in the ICU is an essential part of treatment pathways in
today's intensive care medicine. Since the last publication of the S2e guideline in 2015:
"Positioning therapy and early mobilization for prophylaxis or therapy of pulmonary
dysfunction”, new treatment principles have been established. In addition, there is new
evidence in many areas of positioning and early mobilization therapy since the last update.
This has resulted in the need to revise the currently applicable recommendations while

meeting the relevance criteria for guidelines [1].

The aim was to revise the S2e guideline as mentioned above and to adapt it to the current
state of research. The new S3 guideline, "International guideline on positioning and
mobilisation of critically ill patients in intensive care units" provides high-quality
recommendations for positioning and mobilisation therapy, which are safe and have a
prognostically positive effect on patient-centred outcomes such as mortality, functionality,
quality of life, cognition, duration of ventilation or the length of stay in the intensive care unit

and hospital.

3.2 Care structures

The guideline addresses intensive care units as inpatient care structures.

3.3 Patient target group

The guideline refers to critically ill adult patients (> 18 years) treated in an ICU.

3.4 Target audience

The guideline is intended for all members of the interdisciplinary and interprofessional
treatment team involved in implementing positioning and early mobilisation therapy of ICU
patients. This includes physicians from various disciplines, physiotherapists, nurses,

occupational therapists and other professional groups. The expert panel's primary concern is
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to emphasise the importance of teamwork in positioning and mobilisation therapy. For
example, implementing mobilisation is not only the task of a physiotherapist but of all involved
in the care. The recommendations of this guideline are based on the state of research

published until June 2022.

3.5 Documents related to this guideline

Further documents of the guideline are

e Evidence tables according to Oxford 2011

e Guideline report

These documents can be accessed at: https://register.awmf.org/de/leitlinien/detail/001-015
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4 Positioning

This chapter covers upper body elevation, lateral positioning, and continuous lateral rotation

therapy (CLRT).

4.1 Upper body elevation

4.1.1  Definition of upper body elevation

There is no clear definition, as its implementation in different studies follows varying criteria.
However, upper body elevation is generally defined as an elevation of the upper body more
than 30° from the body trunk [2] (Figure 1). Different forms of upper body elevation position
can be classified between the sitting position (flexion of the hip and knee joints) on the one
hand and the anti-Trendelenburg position (tilting of the entire patient in the supine position)
on the other hand (Figure 1). A possible position on this spectrum is the semi-recumbent
position, where the patient's upper body and head are raised by a defined number of degrees

with flexed hip joints.

30%-45°

v

Beach Chair Position Reverse Trendelenburg Position

Figure 1. Forms of upper body elevation

Semi-seated position with an elevation angle of 30°-45° (left) and anti-Trendelenburg position with an elevation

angle of 30°-45° (right).

4.1.2  Rationale of upper body elevation

Divergent effects of upper body elevation of different organ systems include:

- pulmonary: improved ventilation of the lungs with consecutively improved oxygenation

and reduced work of breathing, lower risk of aspiration [3]
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- haemodynamic: reduction of venous return, cardiac output, blood pressure, and
peripheral oxygenation [4]

- cerebral: reduced intracerebral pressure and perfusion pressure [5]

- abdominal: increased abdominal pressure [6]

- gastrointestinal: reduced reflux and regurgitation [3]

- dermal: increased pressure and risk of pressure ulceration on the rump and heels [3]

4.1.3  Clinical question: Should ICU patients receive upper body elevation?

We recommend elevation of the upper body > 40° in intubated patients, considering
possible haemodynamic side effects and an increased risk of pressure ulcers.

Grade of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 94%; professional societies 100%

Literature:

LoE 1: Wang et al. [7]; Pozuelo-Carrascosa et al. [8]; Zhuo et al. [3]

LoE 2: Alexiou et al. [9]; Drakulovic et al. [10]

Summary of the evidence

Ventilated patients are at increased risk of ventilator-associated pneumonia (VAP), prolonged
ICU and hospital length of stay, and increased mortality [3, 7, 8, 11, 12]. Based on physiological
considerations, upper body elevation in patients undergoing mechanical ventilation may
result in a reduction of pulmonary complications. Possible mediators of this effect include
improved gas exchange, better vigilance, and reduced aspiration rate compared with a supine

position.

In a Cochrane review of ten moderate-quality randomized controlled trials (RCTs) with a total
of 878 ventilated ICU patients, upper body elevation 30-60° versus 0-10° showed significant
benefits with respect to clinically suspected VAP (8 studies, 759 patients, 14.3% versus 40.2%,
RR 0.36; 95% Cl 0.25 to 0.50; risk difference (RD) 25.7%; 95% Cl 20.1% to 30.1%). However, no

significant benefits were demonstrated for upper body positioning 30-60° versus 0-10° in
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terms of microbiologically confirmed VAP, ICU mortality, ICU length of stay, hospital length of
stay, ventilator days, antibiotic use, or number of pressure ulcers. There were no significant
differences in these parameters when comparing 45° versus 25-30° positioning. Adverse
events were inadequately reported [7]. In a meta-analysis including seven high-quality RCTs
and 740 ventilated ICU patients the incidences of VAP and gastric reflux were found to be
significantly lower in patients with 45° upper body elevation compared with 30° upper body
elevation (OR 0.48; 95%Cl 0.28 to 0.84; p = 0.009; OR 0.50; 95%Cl 0.27 to 0.96; p = 0.04,
respectively). However, upper body elevation of 45° compared with 30° also resulted in an
increased risk of developing decubital ulcers (OR 1.88; 95%Cl 1.05 to 3.36, p = 0.03) [3]. A
recent meta-analysis from 2022 analysed eleven studies with 921 ventilated ICU patients
comparing upper body elevation with supine positioning. Analyses revealed a reduced VAP
incidence (RR 0.38; 95%Cl 0.25 to 0.52) and a shorter duration of ventilation (MD -3.26; 95%Cl
-6.31 to -0.20) compared to the supine position, but no significant benefits for ICU length of
stay, hospital length of stay or mortality [8]. A more recent study supports these findings

approach [13].

All cited meta-analyses included RCTs with ventilated ICU patients, therefore, generalisability
to non-ventilated spontaneously breathing patients may be limited. Upper body elevation
measures may be less effective in spontaneously breathing patients, as they are usually more
awake and position themselves more easily and generally present with a lower risk of

aspiration.

Interpretation of evidence

There is evidence that upper body elevation in intubated patients reduces the incidence of
VAP, but not mortality [3, 8]. Therefore, a strong recommendation with a high level of
evidence was formulated for patients undergoing invasive mechanical ventilation. In contrast,
awake patients do not remain in any position for long periods of time to improve their
comfort. This can change the effects of upper body elevation [3], so that the advantages and
disadvantages (pressure sores and risk of contracture, pathological/physiological factors,
examinations, visits or other activities) should be considered and the positioning should be

performed in consultation with the patient.
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4.1.4  Clinical question: Should patients with increased intracranial pressure receive upper
body elevation?
The assumption that upper body elevation lowers ICP is not always correct. The hydrostatic
response to gravity is a complex process and may be disturbed in brain injury. Furthermore,
cerebral perfusion pressure (CPP) is dependent on haemodynamics (CPP = MAP - ICP). The
expert consensus (S1) Guideline Intracranial Pressure from 2018 (AWMF Register Number:
030/105; valid until Sept. 16, 2022) emphasised that upper body elevation should be
performed in an individualised manner and states the importance of regular monitoring of ICP
and CPP at 0° (not in case of aspiration risk or ventilation), 15°, and 30° to capture gravity-
dependent effects and responses. In all positions, the head should be positioned in a straight

position to ensure venous return [5].

We suggest performing upper body elevation in patients with increased ICP to achieve the
most favourable effect on cerebral perfusion pressure.

Grade of recommendation: weak

Evidence level: 4 & guideline adaptation/expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.

Literature:
Guideline adaptation: intracranial pressure, S1 guideline [5]

LoE 3: Burnol et al. [14]

4.1.5  Clinical question: Should patients with increased intra-abdominal pressure receive
upper body elevation?

Elevated intra-abdominal pressure (IAP) is associated with poorer outcome [6] in ICU patients.

Upper body elevation can increase IAP; other influencing factors are increased body mass

index (BMI) and body temperature [15, 16]. The effects of increased positive end-expiratory

pressure (PEEP) or prone positioning on IAP are incongruent and require further research [17].

In an observational study of 37 ICU patients with 300 measurements of IAP, it was shown that
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increasing the upper body from 10° to 20° had little effect on IAP, whereas increasing the
upper body from 30° to 45° resulted in a significant increase in IAP [16]. In another
observational study of 132 patients, the difference in IAP between 0° and 15° of upper body
elevation was shown to be a median of 1.5 (IQR 1.3 - 1.7) mmHg and between 0° and 30° of
upper body elevation a median of 3.7 (IQR 3.4 - 4.0) mmHg (p < 0.001) [18]. Similar results
were also obtained by Vasquez et al. analysing 675 measurements of 45 patients at 0°, 15°,
30°, and 45° upper body elevation and 45° anti-Trendelenburg positioning, with significantly
increasing pressures with increased upper body elevation as well as with increasing BMI [15].
Samimian et al. reported similar results of 76 ventilated patients at 0°, 15°, and 30° upper body
elevation with an average IAP of 8.4 (SD 4.0), 9.6 (SD 4.5), and 11.1 (SD 4.7) mmHg,

respectively [19].

We suggest avoiding upper body elevation with flexion of the knees and hips in patients
with elevated IAP or at its risk and suggest favouring the anti-Trendelenburg position for
upper body elevation.

Grade of recommendation: weak

Level of evidence: 3 & guideline adaptation

Consensus strength: guideline members 90%; professional societies 91%.

Literature:

Adaptation from the guideline Intraabdominal hypertension and abdominal compartment syndrome:
updated consensus definition and clinical practice guideline of the World Society for Abdominal
Compartment Syndrome (“Intraabdominale Hypertonie und das abdominale Kompartmentsyndrom:
aktualisierte Konsensde)finitionen und klinische Praxisleitlinien der Weltgesellschaft fiir das abdominale
Kompartmentsyndrom") (6)

LoE 3: Vasquez et al. [15]; McBeth et al. [16]; Cheatham et al. [18]; Yi et al. [20]

4.1.6  Expert opinion on clinical application

Patients undergoing mechanical ventilation should be correctly positioned such that upper
body elevation can achieve its optimal effects. Depending on the patient's own movements,
the bedding and the type of mattress elevation of the upper body can lead to the patient
slipping downwards, bending at the level of the abdomen or thorax, and consequently to

undesirable effects such as difficult breathing. The selection of appropriate materials, the
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learning of movement concepts, the education of the patients and the interprofessional and
interdisciplinary cooperation help to make optimal use of the upper body elevation and its

positive effects.

4.2 Lateral positioning

4.2.1  Definition of lateral positioning

Lateral positioning is defined as positioning in which the body lies on the right or left side

rotated 90° around the longitudinal axis.

4.2.2  Rationale of lateral positioning

In addition to relieving pressure points (pressure ulcer prevention), pulmonary complications
may be prevented by improving pulmonary gas exchange. An advantage is the simplicity of

the measure, which can be carried out at any time with little additional effort [21, 22].

While lateral positioning may not fully provide upper body elevation and the associated
benefits of reducing VAP, lateral positioning could lead to other benefits such as improved
well-being and sleep quality. A head-down position in the lateral position (lateral
Trendelenburg positioning) could also possibly minimise gravity-related mechanisms leading

of VAP.

4.2.3  Clinical question: Should ICU patients be placed in lateral positioning?

We are unable to make a recommendation for or against lateral positioning for prevention
of pulmonary complications without lung injury.

Grade of recommendation: weak

Level of evidence: 3

Consensus strength: guideline members 95%; professional societies 91%.

Literature:

LoE 3: Li Bassi et al. [23]
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Summary of the evidence

In a multicentre randomised controlled trial, the effect of lateral 5-10° head-down position
(lateral Trendelenburg positioning with side changes every 6 hours) versus upper body
elevation to prevent VAP was examined in patients who were to be ventilated for at least 48h
[23]. After inclusion of 395 patients, the study was terminated early due to a low VAP
incidence, lack of benefits in secondary outcomes, and six serious adverse events (oxygen
desaturation, haemodynamic instability, endotracheal extubation, intracerebral
haemorrhage, brachial plexus injury) in the lateral Trendelenburg position. In detail, patients
receiving lateral Trendelenburg positioning had a lower incidence of VAP (1/194 versus 8/201;
RR 0.13, 95%CI 0.02 to 1.03, p = 0.04) while six serious adverse events occurred; however,
there was no significant difference in 28-day mortality (60/194 versus 53/201; RR 1.17, 95%ClI
0.86 to 1.60, p = 0.32) [23].

Interpretation of evidence

The cited RCT assumed that secretions can flow along the tracheal tube into the lungs, causing
VAP. The authors hypothesised that microaspirations could be avoided if the oral tube portion
was below the level of the larynx. Therefore, patients in the intervention group were
positioned in a 5-10° head-down position in addition to the 90° lateral position. This

significantly reduced the risk of VAP but was associated with more serious adverse events.

Furthermore, the desired effects of head-down positioning could be achieved by tubes with

subglottic suctioning.

Of note, this recommendation refers exclusively to the lateral position for the prevention of
VAP. There may be other indications for lateral positioning, e.g., to rest or sleep, for

orientation, to relieve pressure, or to talk to people sitting on one side of the bed [24].
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4.2.4  Clinical question: Should ICU patients with unilateral lung injury be placed in lateral

position?

We suggest performing a lateral position of about 90° with the healthy side down (good
lung down) when ventilating patients with unilateral lung damage to improve gas
exchange.

Grade of recommendation: weak

Level of evidence: 3

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

LoE 3: Hewitt et al. [25]

Summary of the evidence

In a Cochrane Review of 24 studies on the effect of lateral positioning in intensive care
patients, lateral positioning was performed at least once for a minimum duration of ten
minutes and compared with other forms of positioning [25]. Due to a high heterogeneity in
terms of interventions and endpoints, most studies were not comparable. No study
investigated mortality as an endpoint. Data from 8 studies could be analysed but were found
to be imprecise. Results of two studies with a total of 19 patients with unilateral lung injury
showed that upward positioning of the healthy lung worsened oxygenation by a mean of 50
mmHg compared with downward positioning of the healthy lung (MD -49.3; 95%CI -67.3
to -31.2; p < 0.001). However, the power and transferability are limited due to the

methodological weaknesses of the included studies [25].

Interpretation of evidence

As shown in the cited Cochrane review, only two studies with a very low sample size are
investigated the effect of lateral positioning in ICU patients with unilateral lung injury [25].
The evidence is therefore very limited. In addition, it must be considered that patients should
not lie on one side for 24 hours, as this would most likely lead to other adverse effects.
Nevertheless, the argumentation that the impaired lung should be positioned upward to

achieve a better perfusion-ventilation ratio and to optimize the ventilatory setting is plausible.
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As in the section on prone positioning, we recommend adjusting and regularly evaluating
positioning based on appropriate parameters such oxygenation, ventilation parameters, and

patient comfort.

4.3 Supine position

4.3.1  Clinical question: Should ICU patients be positioned in a flat supine position?

We recommend regular modification of positioning to avoid the flat supine position as an
inappropriate form of positioning.

Grade of recommendation: strong

Evidence level: 5 (Expert recommendation)

Consensus strength: guideline members 95%; professional societies 90%.

Literature: [-]

Background

The human body is not made to remain in one position for a long time. Immobilisation in the
same position increases the risk of pain, pressure ulcers, circulatory disturbances,
contractures, thrombosis, muscle wasting, volume shifts, hormonal dysregulation, and
neurocognitive dysfunction with longer duration [26]. Especially the flat supine position
should be kept to a minimum and should be limited to interventions that require it. Positioning
is a complex intervention that demands biopsychosocial aspects of everyone involved, as well
as staff resources, patient environment and technology. Regular repositioning can therefore
be made for a variety of reasons and in accordance with patients. The use of concepts such as
kinesthetics, basal stimulation, micropositioning and various forms of positioning such as anti-
Trendelenburg positioning, semi-mobilising positions as well as technical aids (e.g., motion

beds and chairs) can best meet patients’ individual needs and requirements [24, 27-29].
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4.4 Continuous lateral rotation therapy (CLRT)

4.4.1  Definition of CLRT

CLRT is the continuous rotation of the patient along the longitudinal axis in a motor-driven

bed system. Based on the system the rotation angle and duration of rotation can be adjusted.

4.4.2  Rationale of CLRT

The goals of CLRT are the prevention of pulmonary complications (atelectasis, pneumonia,
pulmonary secretion congestion), the reduction of pulmonary inflammation because of
trauma or infection, and the improvement of pulmonary gas exchange in ventilated patients.
The outcomes of interest cover oxygenation, incidence of nosocomial pneumonia, and the
duration of ventilation and ICU and hospital LOS. Indications for the use of CLRT include both

prophylactic and therapeutic aspects.

CLRT can only be used with deeper sedation, which has negative effects on patients and is not

recommended without clinical indication [30].

4.4.3  Clinical question: Should intensive care patients receive CLRT?

We suggest not to use continuous lateral rotation therapy.

Grade of recommendation: weak

Level of evidence: 2

Consensus strength: guideline members 95%; professional societies 90%.

Literature:

LoE 2: Staudinger et al. [31]; Schieren et al. [32]

Summary of the evidence

Staudinger et al. conducted an RCT in 150 ventilated ICU patients comparing CLRT with usual
care for the outcome VAP incidence. In unadjusted analyses, the rate of microbiologically

confirmed VAP was significantly lower in the intervention group compared with usual care,
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however, after adjusting for sex and factors of severity of illness no statistical significant
difference was reached. Notably 39% of patients showed intolerance to CLRT during the
weaning phase [31]. In a pilot RCT of 15 patients, preventive CLRT versus usual care showed
no benefits for pulmonary complications [33]. A meta-analysis of 8 studies with a total of 422
trauma patients showed a reduction in nosocomial pneumonia for prophylactic CLRT versus
usual care (OR 0.33, 95%CI 0.17 to 0.65, p = 0.001), but no effect on existing pneumonia or

mortality [32]. These findings align with an older meta-analysis [34].

In a case-control study with a total of 44 traumatology patients, CLRT versus usual care
showed no significant benefits in terms of Horowitz index, lung injury, development of
pulmonary dysfunction, and other complications. Patients receiving CLRT were more likely to
be agitated (Richmond Agitation-Sedation Scale 22; 41% versus 9%, p = 0.01) [35]. A
retrospective registry analysis of 1476 ventilated patients with lung injury showed no
significant improvement of mortality, sepsis incidence, hospital LOS associated with the use
of CLRT (n = 239) versus usual care (n = 1237, but a significant association with prolonged
duration of ventilation (median 17 (IQR 10 to 26) vs. 14 (8 to 22); p = 0.001), prolonged ICU
stay (median 23 (IQR 14 to 32) versus 19 (13 to 28) days; p = 0.002), and higher incidence of
organ dysfunction (76.6% versus 67.6%, p = 0.006) [36].

Interpretation of evidence

In the previous version of this guideline published in 2015, CLRT was recommended as an
preventive tool for certain patient groups. CLRT requires deep sedation, which affects
vigilance and haemodynamics [37-39], and has shown to negatively impact agitation, duration
of ventilation, and ICU LOS. Acknowledging the newly available evidence, CLRT can no longer

be recommended.
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4.5 Prone positioning

4.5.1  Definition of prone positioning
Proning is defined as positioning in which the body is turned prone by 180° around the
longitudinal axis. A different positioning form is incomplete proning, in which the patient is

rotated > 135° and < 180° from the supine position.

4.5.2  Rationale of prone positioning

Prone positioning has multiple physiological effects that may have a positive impact on the
respiratory situation of patients with ARDS. In several animal studies with experimentally
induced lung injury, prone positioning reduced the incidence of lung injury and oedema with
a magnified effect in the dependent lung regions [40, 41]. Galiatsou et al. showed that prone
positioning following a recruitment manoeuvre in supine position improved lung ventilation
homogeneity by reducing non-aeriated and overinflated lung areas [42]. This effect has also
been demonstrated in patients with COVID-19-related ARDS [43]. Katira et al. identified an
increase in pleural pressure (leading to a reduced transpulmonary pressure), and a reduction
in the pleural pressure gradient, which lead to homogenisation of pulmonary ventilation and
reduce the difference in regional compliance of dependent and non-dependent lung segments
[44]. This had a beneficial effect on lung recruitment and reduction of tidal recruitment during
ventilation cycles and reduced end-inspiratory hyperinflation, particularly in non-dependent
lung segments [45]. A relevant ventilation-perfusion-mismatch is an essential problem in the
management of patients with ARDS. Spinelli et al. showed that the ventilation-perfusion
mismatch is an independent predictor of mortality in ARDS patients [46]. Prone positioning
leads to an improved ventilation-perfusion ratio assessed by electrical impedance tomography
in ARDS patients [45]. In a study published by Wang et al. prone positioning improved

ventilation-perfusion ratio correlated with increased oxygenation [47].

The initial assumption was, that the main effect of prone positioning resulted from improved
oxygenation, however, evidence suggests that there is no relationship between improved
oxygenation and survival. In a secondary analysis of the PROSEVA trial, there was no difference

in the change of Pa0,/FiO, between those patients who survived and those who died. In detail,
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in 63% of survivors oxygenation improved and in 37% of them it worsened prone position, and
within decedents, 66% showed improved oxygenation and 34% worsened oxygenation [48]. A
possible explanation is that the mortality benefit is achieved by reducing ventilator-associated

lung injury.

4.5.3  Clinical question: When should prone positioning be performed (indication of prone
positioning)?
The PROSEVA trial by Guérin et al. can be considered a milestone study in the field of prone
positioning [49]. Based on the relevant findings of previous studies including the severity of
ARDS, the compliance with lung-protective ventilation, and the duration of prone positioning,
the PROSEVA study was designed. By protocol, this multicentre randomized controlled trial
included ARDS patients with a duration of ventilation < 36h and a Pa02/Fi02 < 150 mmHg
with a FiO2 > 0.6, a PEEP =2 5 cmH20, and a tidal volume of approximately 6 ml/kg predicted
bodyweight (PBW). Patients who were randomised to the intervention group received at least
16h of prone positioning daily. This scheme continued until patients achieved a PaO2/Fi02 >
150 mmHg with a PEEP < 10 cmH20 and a FiO2 < 0.6, or until day 28. A total of 466 patients
was studied. Despite randomisation and likely influenced by the prone position, less patients
received vasopressors and had a lower Sequential Organ Failure Assessment (SOFA) Score in
the intervention group, while more patients received neuromuscular blockade. Patients
received an average of four cycles of prone positioning with a mean duration of 17h. The
primary endpoint 28-day mortality showed a significant survival advantage for the
intervention group of 16.0% versus 32.8% (p < 0.001) in the control group. This result
remained stable after adjusting for SOFA Score, vasopressor requirement, and neuromuscular
blockade. In addition, there was better oxygenation and an increased rate of successful
extubation in the intervention group [49]. In a secondary analysis of the PROSEVA study prone

positioning did not lead to a reduction in VAP incidence [50].

Comprehensive meta-analyses [51-60] on prone positioning include 12 years of intensive
research beginning in 2001 with a study by Gattinoni et al. [61] and ending with the 2013
PROSEVA study by Guérin et al. [49]. The comparison of these two papers reflects the

evolution of knowledge regarding prone positioning. The results of the PROSEVA study have
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an important influence on the outcome analysis in various meta-analyses. Of note, since no
RCTs have been published after the PROSEVA study, the more recent systematic reviews and

meta-analyses all work with the same evidence base [49].

Moran et al. recently published a meta-analysis on the effect of prone positioning on mortality
in ARDS patients, which found significant heterogeneity for the outcome mortality in three
defined time periods (28-30 days: 12 = 69%, p < 0.01; 2-3 months: 12 = 64%, p < 0.01; 6 months:
12 =30%, p =0.23), with prone positioning providing no survival benefit at any of the indicated
time periods [62]. Studies with a high risk of bias (missing ARDS diagnosis, paediatric patients,
inconsistent ventilation modes, no control group) were excluded. Prone positioning > 12 h,
limitation of tidal volumes (lung-protective ventilation), and moderate or severe ARDS
(Pa0O2/Fi02 < 200 mmHg) were predictors of decreased mortality. Furthermore, prone
positioning was associated with increased survival at cut-off values of 212 h duration, <8.5

ml/kg tidal volume, and Pa02/FiO2 <130 [62].

Multiple additional meta-analyses exist showing among other endpoints an increased risk of

pressure ulcers, tube obstruction or airway problems, and dislocation of chest tubes [51-59].

We recommend prone positioning in invasively ventilated patients with ARDS and
impaired arterial oxygenation (Pa02/FiO2 < 150 mmHg).

Grade of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.

Literature:
Guideline references: Cho et al. [63]; Hashimoto et al. [64]; Fan et al. [65]

LoE 1: Moran et al. [62]; Munshi et al. [51]; Fan et al. [65]; Beitler et al. [53]; Alsaghir et al. [66]; Lee et al.
[57]; Wang et al. [58]; Longobardo et al. [59]

LoE 2: Guérin et al. [49, 50]; Mora-Arteaga et al. [56]; Abroug et al. [67]; Taccone et al. [68]; Cao et al. [52];
Sud et al. [69]; Sud et al.[55]; Sud et al. [54]; Kopterides et al. [60]; Mancebo et al. [70]; Tiruvoipati et al. [71]
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4.5.4  Clinical question: When should prone positioning be initiated?

In a Cochrane review by Bloomfield et al. a subgroup analysis revealed a positive effect on
short- and long-term mortality if patients were placed in prone position within 48h of start of
invasive mechanical ventilation [72]. These results are congruent with the previously listed
meta-analysis by Mora-Arteaga et al. [56]. In the PROSEVA trial, prone positioning was started
on average within 37h of the start of invasive ventilation, implying indirect evidence for this

time frame [49].

There are currently no studies explicitly investigating the optimal time to start prone
positioning. However, all available studies and the positive physiological effects indicate that

initiating it immediately after its indication is the optimal approach.

We recommend considering prone positioning at an early stage and implementing it as
soon as it is indicated

Grade of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.

Literature:
Guideline reference: Fan et al. [65]

LoE 1: Munshi et al. [51]; Bloomfield et al. [72]

LoE 2: Guérin et al. [49]; Mora-Arteaga et al. [56]; Mancebo et al. [70]

4.5.5  Clinical question: How long should the patient be positioned in prone position?

No RCTs comparing different prone positioning protocols exist. Therefore, a recommendation
on the duration of a prone positioning cycle can only be made based on the comparison of

individual studies and the resulting meta-analyses.

The duration of individual prone positioning in the different studies ranges from 7h to 40h [49,

51, 54, 56, 62, 72, 73].

Most subgroup analyses of meta-analyses (Moran [62], Munshi [51], Beitler [53], Mora-

Arteaga [56] and Longobardo [59]) have found a significant survival benefit using a cut-off of
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12 hours. In contrast, Sud et al. [54] and Lee et al. [57] defined 16 and 10 hours as the minimum
duration, respectively, and found a survival advantage with longer duration of prone
positioning. When increasing the minimum duration from 10 to 16 hours, the allocation of
only one study changes having no impact on the results (Voggenreiter et al. [74]). Moran et
al. additionally performed a meta-regression, showing a positive effect for each additional

hour of prone positioning (RR 0.97, 95%CI 0.96 to 0.98, p < 0.001) [62].

According to the available evidence, a minimum duration of 12h is necessary to achieve the
beneficial effects of prone positioning, while each additional hour improves them; although

the effect of a duration longer than 16 hours has not yet been specifically investigated [49].

We recommend prone positioning for at least 12, preferably 16 hours.

Grade of recommendation: strong

Evidence level 1

Consensus strength: guideline members 100%; professional societies 100%

Literature:

LoE 1: Moran et al. [62]; Munshi et al. [51]; Mora-Arteaga et al. [56]; Bloomfield et al. [72]; LoE 2: Guérin et
al. [49]; Sud et al. [54]

4.5.6  Clinical question: How should ventilator parameters be set during prone positioning?
The goal of ventilation in ARDS is to ensure oxygenation and decarboxylation of the patient
while preventing or minimizing further lung injury from ventilation. Prone position itself is an

important part of the lung-protective ventilation strategy.

Tidal volume

The limitation of tidal volumes to 4 - 8 ml/kg PBW in patients with ARDS is strongly
recommended according to the official guideline of the American Thoracic Society, the
European Society of Intensive Care Medicine and the Society of Critical Care Medicine [65, 75,
76]. Subgroup analyses of meta-analyses suggest that limitation of tidal volume is a necessary

prerequisite for the mortality benefit from prone positioning (see chapter 4.5.3). While a
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majority of the meta-analyses have used a cut-off of 8 ml/kg predicted body weight (PBW),

there is evidence suggesting that lowering this cut-off has a beneficial effect [75].

Positive post-expiratory pressure (PEEP)

The physiological effects of prone positioning in ARDS patients lead improved compliance and
recruitment, as well as decreased non-ventilated lung areas, hyperinflation, and recruitment-
derecruitment during respiratory cycles [45]. Gainnier and colleagues were able to show that
prone positioning and PEEP have an additive effect on improved oxygenation [77], leading to
the rationale to also set an optimal PEEP during prone position. The setting of optimal PEEP in
the supine position is the subject of current research projects; specific evidence on the optimal
PEEP setting in the prone position is lacking. Therefore, we refer to the recommendations for
supine position of the S3 guideline "Invasive ventilation and use of extracorporeal procedures

in acute respiratory failure" (AWMF register number 001-021) [78].

Spontaneous breathing

Although deepened sedation and analgesia are commonly used in the prone position to avoid

discomfort, spontaneous breathing is also possible during prone positioning [65].
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We recommend applying the generally recommended principles of optimised ventilation
for ventilation in the prone position, including the limitation of tidal volumes, prevention
of derecruitment, and integration of spontaneous breathing components.

Grade of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

Guideline reference: S3 guideline , Invasive ventilation and use of extracorporeal procedures in acute
respiratory failure.” (65); Cho et al. [63]

LoE 1: Moran et al. [62]; Wang et al. [58]; Bloomfield et al. [72]; Munshi et al. [54];

LoE 2: Cao et al. [52]; Sud et al. [54]; Mora-Arteaga et al. [56]

4.5.7  Clinical question: How should prone positioning be prepared?

Various studies have shown that prone positioning does not leads to hypotension or cardiac
instability. In an observational study by Jozwiak et al. 18 patients with ARDS were examined
regarding hemodynamic and respiratory changes in association with prone positioning [79].
In 50% of patients, prone positioning resulted in an increase of cardiac index of more than
15% from a median of 3.0 to 3.6 I/min/m2, whereas there was no significant change in the
remaining 9 patients. Patients with an increase in cardiac index due to prone positioning
showed sufficient preload reserve in the passive leg raise test before the intervention [79].
These results were confirmed by Ruste et al. analysing 197 measurements of 107 patients
transferred to prone position; cardiac index increased in 25%, decreased in 23% and did not
change in 52% of prone positions [80]. The entire cohort showed no change during prone
positioning, however, a significant decrease in cardiac index was detected during
repositioning to supine. In this setting an increased mean arterial pressure was detected in
two studies alongside an improved cardiac index [81, 82]. In the PROSEVA trial, there was a
significantly lower number of cardiovascular arrests in the intervention group [49]. The
physiological basis of the increase in cardiac index is the improved preload and the reduced

pulmonary vascular dysfunction [80]. The effect on pulmonary vascular resistance was studied

29



by Vieillard-Baron et al.; in an observational study with 21 ARDS patients with acute cor

pulmonale right ventricular function significant improved during prone positioning [83].

In summary, the studies on the hemodynamic effects of prone positioning in patients with
ARDS show that the intervention is hemodynamically well-tolerated and may also have
positive effects on right ventricular load. Nevertheless, the volume status of patients should
be optimised prior to positioning. Studies on the relevance of vasopressor therapy in the
context of prone positioning are lacking. Due to the lack of negative hemodynamic effects of
prone positioning, ongoing vasopressor therapy is not a contraindication according to the

expert panel.

We suggest stabilising the patient haemodynamically and optimising volume status prior
to prone positioning. The use of catecholamines is not a contraindication for prone
positioning.

Grade of recommendation: weak

Level of evidence: 5 (Expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.
Literature: [-]

4.5.8  Clinical question: When should prone positioning critically evaluated?

Prone positioning and intra-abdominal pressure

In addition to pulmonary and cardiovascular systems, prone positioning also affects intra-
abdominal organs. It has been shown that prone positioning increases intra-abdominal
pressure in patients with ARDS. In a prospective observational study by Hering et al.,
intraabdominal pressure measured by bladder pressure increased from a mean of 12 + 4
mmHg to 14 £+ 5 mmHg. Alongside an increased intra-abdominal pressure, a reduction of the
renal component of the cardiac index and an increase in renal vascular resistance was found.
The overall increase in cardiac index did not result in any restriction of renal perfusion, as
indicated by the preserved renal function [82]. Furthermore, it was shown that the increase

in intra-abdominal pressure had no effect on liver function or splanchnic perfusion [81, 84].
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Because of its effects on intra-abdominal pressure, Gaudry et al. studied the effects of prone
positioning in patients undergoing abdominal surgery. This retrospective analysis of 36
patients indicated no increased risk for surgical complications associated with prone

positioning [85].

Obesity is a global health problem and a common comorbidity in ICU patients. In particular,
abdominal obesity may modify the effects and the implementation of prone positioning. Weig
et al. studied the impact of abdominal obesity on mortality, liver function, and renal function
in the setting of prone positioning. They demonstrated in 82 patients with ARDS (41 with
abdominal obesity and 41 without abdominal obesity) that there was a significantly higher
rate of hypoxic hepatitis (22% versus 2%; p = 0.015) and renal failure (83% versus 35%;
p <0.001) in the abdominal obesity group after a cumulative 41 hours of prone positioning,
whereas there was no difference in mortality (34% versus 34%; p > 0.99). There was no effect
on renal failure or hypoxic hepatitis in the interaction analysis between abdominal obesity and
prone positioning, but there was an effect on mortality. In the baseline characteristics,
patients with abdominal obesity were significantly more likely to have arterial hypertension
(32% versus 5%; p = 0.002) as a concomitant disease and significantly less likely to have trauma
as a cause of ARDS [86]. In addition, obesity is an independent risk factor for renal failure in
critically ill patients [87]. According to the findings of Delong et al., prone positioning is
feasible in overweight patients (BMI > 35 kg/m2) and is not associated with higher
complication rates. The overweight patients responded better to prone positioning with

oxygenation and had significantly lower mortality at day 90 [88].

Prospective studies on the subject of prone positioning in patients with ARDS and obesity are
currently lacking. Accordingly, the possible positive effects of prone positioning in obese

patients or patients who underwent abdominal surgery should be critically evaluated.
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We suggest considering prone positioning in patients following abdominal surgery,
patients with abdominal pathologies, or patients with abdominal obesity after individual
consideration of benefits (improvement in oxygenation) and risks (increase in intra-
abdominal pressure with risk of surgical complication, acute renal failure or hypoxic
hepatitis)

Grade of recommendation: weak

Level of evidence: 4

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

LoE 3: Hering et al. [82]

LoE 4: Gaudry et al. [85]; Weig et al. [86]; Delong et al. [88]

Prone positioning in patients with intracerebral lesions

Prone positioning has important influence on haemodynamics and may thus also affect the
dynamics of intracerebral perfusion and pressure. The RCT by Beuret et al. investigated
whether prone positioning has a protective effect in comatose patients. In the 24% of patients
who received continuous intracranial pressure (ICP) monitoring, there was a significant
increase in ICP from 11 mmHg to 23.7 mmHg during prone positioning [89]. These
observations were confirmed by Roth et al. in their retrospective case series of 29 patients
with a severe intracranial lesion during prone positioning due to respiratory failure. A
significantly higher mean ICP was found during prone positioning, as well as significantly more
episodes with an ICP > 20 mmHg or a cerebral perfusion pressure (CPP) < 70 mmHg. However,
patients benefited from prone positioning in terms of oxygenation [90]. Reinprecht et al.
confirmed that in patients with subarachnoid haemorrhage who received prone positioning
for ARDS, ICP, as well as frequency of episodes with an ICP > 20 mmHg or a CPP < 60 mmHg
increased. Interestingly, despite this, there was an improvement in systemic and brain
oxygenation, these findings lead the authors to conclude that the improvement in
oxygenation outweighed the negative hemodynamic effects on ICP [91]. Similar results have

been presented by Nekludov et al. [92].

Thelandersson et al. found no difference in ICP in prone position. Only one of eleven patients
did not tolerate the prone position and had to be re-positioned to supine position due to an

increased ICP and a decreased CCP [93].
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Based on the available evidence, a recommendation concerning patients with acute cerebral
lesions and prone positioning in ARDS is currently not possible [94]. It is required to make an
individual decision and weigh the potential harms of an increased ICP or a decreased CCP
against the benefits of improved oxygenation and its effect on cerebral oxygenation. If prone
positioning is performed, continuous monitoring of the relevant parameters (ICP and CCP) is
necessary. Furthermore, to preserve venous outflow, lateral rotation of the head should be

avoided.

We recommend that patients at risk of increased ICP are monitored continuously or
closely during prone positioning. The head should be positioned in a centred position and
lateral rotation should be avoided.

Grade of recommendation: strong

Level of evidence: 5 (Expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

LoE 2: Beuret et al. [89]

LoE 3: Wright et al.[94]

Further consideration for prone positioning

While prone positioning is recommended in moderate to severe ARDS, patients may present
with other comorbidities, which implies that potential benefits and risks have to be considered
on an individual basis. Especially in patients with an open abdomen, an unstable spine,
increased intracranial pressure, hemodynamically effective cardiac arrhythmias, or shock, a
multiprofessional and interdisciplinary consensus should be found that weighs the potential

benefit against the risk when determining the indication.
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We suggest that prone positioning should only be carried out in individual cases after
considering risks and benefits in an interdisciplinary fashion involved when the following
contraindications exist:

- open abdomen

- spinal instability

- increased intracranial pressure

- cardiac arrhythmias with haemodynamic consequences

- shock

Grade of recommendation: weak
Level of evidence: 5 (expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.
Literature:
LoE 2: Beuret et al. [89]

4.5.9  Clinical question: When can prone positioning be stopped?

When prone positioning cycle therapy can be stopped has not yet been specifically

investigated. Accordingly, protocols of the available studies can be used.

In the PROSEVA study, prone positioning was performed until there was an improvement in
oxygenation (PaO2/Fi02 > 150) under de-escalated ventilation (PEEP < 10 cmH20 and
FiO2 <0.6) four hours after supine positioning. Based to the survival benefit found in the

PROSEVA trial, this approach is currently recommended [49].

We suggest terminating prone positioning if improvement in supine oxygenation persists
(4 hours after repositioning: PaO2/FiO2 > 150 with a PEEP < 10 cm H20 and a Fi02 < 0.6).
Grade of recommendation: weak

Level of evidence: 2

Consensus strength: guideline members 100%; professional societies 100%.
Literature:
LoE 2: Guérin et al. [49]

Due to the lack of evidence as to whether and for how long prone positioning should be
performed in non-responders, we suggest as a pragmatic expert recommendation that prone
positioning therapy should be terminated after two unsuccessful attempts (= lack of

improvement in oxygenation). This does not exclude that in the individual course of the
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disease a new attempt of prone positioning therapy is made at a later time or that according
to individual indication prone positioning can still be performed even after two attempts.

We suggest that prone positioning therapy should be discontinued if at least two
positioning attempts have been unsuccessful.

Grade of recommendation: weak

Evidence level: 5 (Expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.
Literature: [-]

4.5.10 Clinical question: Is the complete prone position to be favoured over the incomplete
prone position?
The incomplete prone position is frequently used, as it reduces supposed side effects by
reducing pressure on the abdomen and face. Scientific studies on this type of prone
positioning are scarce. In particular, studies on the effect of prone positioning in general have
explicitly used complete prone positioning (180°). This also applies to the protocol of the
PROSEVA study, which is the only study to show a significant reduction in mortality in the
prone positioning group [49]. The only study specifically investigating complete vs. incomplete
prone position is the RCT by Bein et al. from 200. It randomized 52 patients in a cross-over
design in which one group received incomplete (135°) followed by complete (180°) prone
positioning for 6 hours respectively, while the second group received first complete and then
incomplete prone positioning for 6 hours each. Study results showed that complete prone
positioning had a more pronounced effect on oxygenation. Patients with severe ARDS had an
increased oxygenation (improvement of P/F ratio > 20%) in 91.6% when complete prone
positioning was performed, and 57.1% during incomplete prone positioning. There was no
difference in the incidence of pressure sores, however, the incidence of facial oedema was
10% lower during incomplete prone position (59.2%) compared with complete prone position

[95].

Based on the magnified effect on oxygenation of complete vs. incomplete prone position [95]
and evidence for a reduction in mortality for prone vs. supine position [49], the complete is

preferable to the incomplete prone position.
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We recommend complete (180°) rather than incomplete prone positioning as there is no
evidence to improve clinical outcomes for incomplete prone positioning and complete
prone positioning has a stronger effect on oxygenation.

Grade of recommendation: strong

Level of evidence: 2

Consensus strength: guideline members 95%; professional societies 91%.
Literature:
LoE 2: Bein et al. [95]

4.5.11 Clinical question: What are the risks and side effects of prone positioning?

Prone positioning causes a redistribution of the weight to parts of the body that not normally
exposed in healthy individuals. Systematic reviews with meta-analysis and randomized
controlled trials have repeatedly shown that prone positioning significantly increases the risk
of pressure ulcers [52, 54, 72, 96-98]. The risk ratio in two systematic reviews with meta-
analysis was increased 1.23-1.27-fold, and pressure ulcers were recorded in approximately
30% of cases [52, 54, 98-101]. In accordance with the significantly increased risk, it is
recommended to carefully check the endangered sites regularly during prone positioning.

Possible localisations of pressure sores and ulcers are shown in Figure 2.
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Figure 2. Frequency and localisation of pressure ulcers by region.
By Kornappel S, based on Elmer N et al. [100]. Sites of pressure ulcers in order of descending frequency: zygomatic
bone, chin, iliac crest, lower leg, corner of mouth, forehead, eyeball/eyelid, ear, thorax, breast, abdomen, nose,

sternum, thigh, knee, lower lip, mandible, forearm, cornea, shoulder, clavicle [100].

We recommend to carefully examine the areas at risk for pressure ulcers during prone
positioning to minimise the risk of development.

Grade of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

Guideline reference: Hashimoto et al. [64]; Fan et al. [65];
LoE 1: Bloomfield et al. [72];

LoE 2: Cao et al. [52]; Sud et al. [54]; Patton et al. [97]

4.5.12 Clinical question: Is awake proning useful during non-invasive ventilation?

In their systematic review, Li et al. included a total of 29 studies on prone positioning in awake
and non-intubated COVID-19 patients. Of these, ten RCTs were included in a meta-analysis.
The included studies show great heterogeneity in terms of treatment site (ICU versus normal
ward), respiratory therapy at inclusion (oxygen insufflation, high-flow oxygen therapy, or non-

invasive ventilation), and type and duration of awake prone positioning (one hour to
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maximum tolerated duration). It remains unclear whether complete or incomplete prone
positioning was performed in the respective studies. In the randomized controlled trials, there
was a significant reduction in the need for intubation (RR 0.84, 95% Cl 0.72 to 0.97) when
awake prone positioning was used. Subgroup analyses demonstrated this effect in patients
treated in an ICU-setting or when high-flow oxygen therapy or non-invasive ventilation were
used. In contrast, no effect was found in patients treated on the ward or with conventional
oxygen therapy. No effect was found in the meta-analysis in the randomized controlled trials

regarding mortality, length of stay in the intensive care unit and hospital stay [102].

Schmid et al. conducted a systematic review with meta-analysis of awake prone positioning in
patients with COVID-19 in an ICU. Two studies with a total of 1196 patients were included. A
beneficial effect was found for the endpoint intubation or 28-day mortality. However, when
looking at the endpoints independently, awake proning reduced intubation rate within 28

days whereas no effect of 28-day mortality was observed [103].

In contrast, Beran et al. included RCT and observational studies in their systematic review with
meta-analysis. There was a significant effect of awake proning on mortality rate (RR 0.68, 95%
C10.51 to 0.90), but no effect on hospital length of stay was found [104]. Similarly no effect of
awake proning on intubation rates could be demonstrated, but this effect was visible in a
subgroup analysis including only RCTs (RR 0.83 [95% CI 0.72-0.97]; p = 0.02, 12 = 0%). The
effect of awake proning on mortality was also confirmed in a meta-analysis by Fazzini et al.

[105].

The meta-trial consisting of six RCTs by Ehrmann et al. included 1126 patients with hypoxic
respiratory failure due to COVID-19 and high-flow oxygen therapy. Patients were randomised
to the prone position or usual care. In the intervention group patients were encouraged to
spend as much time as possible in the prone position which led to an average of 5 hours per
day. The primary endpoint of "death or intubation within 28 days" was significantly lower in
the prone positioning group (40%) compared with 46% in the control group (RR 0.86, 95% ClI
0.75 to 0.98). No effect on hospital length of stay or 28-day mortality was shown. The effect

on intubation rate remained present when analysed individually [106].
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The randomised controlled trial by Alhazzani et al. included patients with COVID-19 and
requirement for low-flow oxygen with an FiO2 20.4 or non-invasive ventilation.
Randomisation was stratified based on impairment of oxygenation. Patients in the
intervention group were instructed to lie prone for 8-10 h daily with 2-3 breaks. A total of 400
patients were randomised. There was no difference in the intubation rate within 30 days. In
the subgroup analysis of patients with high-flow oxygen therapy at inclusion, a significant
reduction in intubation rate was found [107]. The RCTs by Rosén et al. and Fralick et al. showed

no advantage for prone positioning of patients with COVID-19 while awake [108, 109].
Overall, prone positioning was shown to have few side effects in awake patients [106, 107].

The various meta-analyses describe a beneficial effect of prone positioning while awake with
regard to the lower intubation rates in COVID-19 patients. Accordingly, it is recommended to
perform this measure in this patient population. A recommendation with regard to other
causes of hypoxic lung failure is currently not possible due to lack of evidence.

We recommend awake proning in non-invasively ventilated patients with COVID-19 and
acute hypoxic respiratory failure.

Grade of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

Guideline reference: "S3 Guideline — Recommendations for inpatient treatment of patients with COVID-19"
(AWMF Registry Number 113-001LG) [110].

Effect: LoE 2: Li et al. [102]; Schmid et al. [103]; Beran et al. [104]; Ehrmann et al. [106]; Fazzini et al. [105];
Ibarra-Estrada et al. [111]

No effect: LoE 2: Alhazzani et al. [108]; Fralick et al. [108]; Rosen et al. [109]

We are unable to make a recommendation for or against awake proning in non-invasively
ventilated patients without COVID-19.
Grade of recommendation: [-]

Level of evidence: 5 (expert consensus)

Consensus strength: guideline members 88%; professional societies 100%.
Literature: [-]




4.5.13 Clinical question: How long should awake prone positioning be performed?

Within the different studies performed on prone positioning in non-intubated COVID-19
patients, very heterogeneous protocols were applied. In their systematic review, Li et al.

reported a duration between one hour and the maximum tolerated time [102].

In their systematic review with meta-analysis, Ponnapa et al. were able to show that awake
prone positioning improved oxygenation, but they are unable to find a dose-response

relationship in relation to longer duration or more frequent prone positioning [112].

Tan et al. were able to confirm the improved oxygenation in their systematic review but found
no effect of duration of awake prone positioning on oxygenation. Only the respiratory rate
was significantly lower in patients who received prone positioning for more than five days

[113].

In the meta-trial of six RCTs by Ehrmann et al., patients with awake prone positioning had
lower intubation rates. Patients were in prone position for an average of 5 hours per day [106].
The study by Esperatti et al. showed an advantage in terms of mortality at > 6 hours duration,
with a magnified effect above 8 hours [114]. The systematic review by Fazzini et al. showed a

mortality benefit at an average duration of 4 hours [105].

Due to the heterogeneity of results, no recommendation can be made at this point regarding

the duration and frequency of prone positioning while awake.

We are unable to make a recommendation for the duration of awake proning.

Grade of recommendation: [-]

Evidence level: 5 (expert consensus)

Consensus strength: guideline members 95%; professional societies 91%.
Literature:
LoE 2: Li et al. [102]; Ponnapa et al. [112]; Tan et al. [113]; Fazzini et al. [105]

4.5.14 Clinical question: Should prone positioning be performed during ECMO therapy?

In severe ARDS with refractory hypoxaemia, ECMO and prone positioning may both be
indicated. The question of whether prone positioning is useful during ECMO therapy was
investigated by Papazian et al. in a systematic review. Specifically, they addressed whether

patients on veno-venous ECMO (vv-ECMO) with prone positioning had improved outcome.
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Thirteen studies were included, of which one study had a randomized controlled design, and
the 12 remaining studies were observational. Prone positioning additive to vwv-ECMO showed
a significant survival benefit at different time points, e.g., after 28 days and at hospital
discharge [115]. Poon et al. performed a similar systematic review and found no survival
benefit in an adjusted analysis. In contrast, patients with vwv-ECMO and prone positioning had
a longer ECMO duration and a longer ICU stay. No severe complications were reported [116].
Pooled individual patient data analysis from several observational studies showed no benefit
in an adjusted analysis, while a propensity score matched cohort showed a survival benefit

within 60 days [117].

Based on the available literature including current evidence in COVID-19 patient and the safe
applicability, we recommend prone positioning of ARDS patients with vv-ECMO in centres with
experience, risk management and appropriate equipment [115, 118-122].

We suggest performing prone positioning in ARDS patients with veno-venous ECMO
therapy.

Grade of recommendation: weak

Level of evidence: 2

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

Effect: LoE 2: Papazian et al. [115]

No effect: LoE 2: Giani et al. [117]

4.5.15 Clinical question: How should prone positioning be performed practically?

Although implementation of prone positioning is a complex and challenging task, especially
considering the connection to various medical devices (e.g., ventilators, dialysis, ECMO,
perfusion pumps), there is no scientific evidence on how prone positioning should be

technically performed.

After the indication has been established, all team members should be informed. The size of
the team depends on the weight of the patient as well as the complexity of the positioning
due to the medical equipment and accesses already mentioned. Each team member should
have a specific task, such as securing the ventilator access or turning the critically ill patient at

the hip. Then the patient should be prepared for positioning. For this purpose, all accesses
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(e.g., ventilatory access, vascular accesses, drains) should be checked and secured. In addition,
the critically ill patient should be preoxygenated to avoid desaturation during the positioning

measure. If used, storage materials should be prepared.

Before positioning, a team-time-out can be performed to ensure that all preparations have

been completed and all team members know their tasks.

There are several ways to perform the positioning. The patient can first be moved laterally,
turned to a 90° angle and in a last step rotated to 180°. Aids such as sliding film and anti-slip
film can be used. Another option is to wrap the patient with a second bed sheet from ventrally
and then turn en bloc with help of the bed sheet. Of note, this rapid change in position can
lead to more circulatory effects. Videos of prone positioning can be found in the appendix of

two papers by Guérin et al. [49, 123], which used no additional positioning materials.

Studies on the advantages and disadvantages of using positioning materials are very limited.
A study by Chiumello et al. shows that the use of thoracic and pelvic underpadding increases
contact site pressure, decreases thoracic compliance, and increases pleural pressure [124]. In
contrast, many experienced centres in Germany use special positioning materials in the
performance of prone positioning. Whether the use of positioning aids to perform prone
positioning supports and improves the effects of prone positioning therapy described above -
homogenization of lung ventilation and improvement of the ventilation-perfusion ratio - or
reduces negative consequences such as skin damage (intertrigo or pressure sores) cannot be

answered at present based on scientific knowledge.
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5 Mobilisation

Mobilisation includes measures on patients that initiate or support passive or active

movement exercises and aim to promote or maintain the ability to move [125-130].

5.1 Clinical question: When should (early) mobilisation be started in the ICU?

At admission to the ICU or immediately after that, patients present with the highest severity
of illness. Electrophysiological changes typical of critical illness myopathy are known to occur
within 48 hours of ICU admission [131]. On day five, muscle is increasingly degraded and
decreasingly built through dysregulation of the according systems [131, 132]. On day seven,
12.5% of the muscle mass of a patient is lost [133, 134]; mobilisation is the only treatment for
which there is a proven therapeutic benefit in terms of preventing these pathophysiological
changes in the neuromuscular system [135, 136]. At the same time, patients are least stable
in this phase of illness and thus most susceptible to potential complications. This raises the
question of the best time to start mobilisation to achieve the maximum therapeutic effect

with the minimum risk.

In a network meta-analysis by Ding et al., the risk of ICU-acquired weakness (ICUAW) was
lowest when mobilisation was started between 72 and 96 hours after the start of ventilation.
In addition, the duration of ventilation was shorter when mobilisation was started between
48 and 72 hours compared with an earlier or later onset. The most unfavourable outcome
regarding ventilation duration was the late start of mobilisation after more than five days of
ICU stay. No influence of the start of mobilisation on ICU length of stay could be demonstrated.
The area under the cumulative ranking curve indicated the best treatment outcome in terms
of ICUAW as well as the duration of ventilation, with a mobilisation start between 48-72 hours

after the start of ventilation [137].

In RCTs, it is evident that studies with the early start of mobilisation positively affected
treatment outcomes. Schweickert et al. started mobilisation and daily awakening trials within
72 hours after the start of ventilation. They found a favourable effect on functional
independence, delirium duration and ventilator-free days [135]. Similarly, Schaller et al.

included ICU patients within 48 h of the start of ventilation. They showed a favourable effect
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on functional independence, mobility, ICU and hospital length of stay, days without delirium
and discharge home [136]. The RCTs by Wright et al. and Moss et al. with the start of
mobilisation at five and seven days, respectively, could not show any advantage of the

intervention on outcomes [138, 139].

The term “early mobilisation” is used in available studies without a uniform definition of the
period between admission to the ICU or the start of ventilation and the beginning of
mobilisation. In a systematic review from 2019, including 76 studies, 15 clearly defined early
mobilisation, and another 15 at least partially defined it. A broad range, from mobilisation,
starting 24 hours after admission to any time during the ICU stay, was referred to as early
mobilisation [140]. In some cases, clinical parameters were used to determine the start of
mobilisation. The PADIS guideline, for example, recommends the start of mobilisation when
patients are stable in terms of their cardiovascular, respiratory and neurological status. The
required values are explicitly based on expert opinions, as no primary data are available on

these questions [141].

Given the beneficial effect of starting mobilisation within 72 hours, early mobilisation is

defined as such in this guideline.

5.1.1  Definition of early mobilisation

Early mobilisation is defined as the start of mobilisation within 72 hours after admission to the

ICU.
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We recommend starting mobilisation of ICU patients within 72 h of admission.

Level of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

In general: LoE 1: Ding et al. [137]; Monsees et al. [142]

LoE 2: Dong et al. [143]; Morris et al. [144]; Schaller et al. [136]; Schujmann et al. [145]; Schweickert et al.
[135]; Zhou et al. [146]

CABG/cardiac: LoE 2: Afxonidis et al. [147]; Cui et al. [148]; Ohbe et al. [149]

Septic shock: LoE 2: Hickmann et al. [150]

COPD: LoE 4: Chou et al. [151]

Trauma: LoE 4: Coles et al. [152]; Elkbuli et al. [153]

5.2 Clinical question: What are the requirements to perform (early) mobilisation)?

An international survey of 951 ICUs revealed that barriers to early mobilisation exist even in
ICUs that have established a mobilisation protocol and regularly perform (early) mobilisation.
According to the survey, these barriers are mostly staff, lack of equipment and insufficient
financial support [154]. A review of existing literature by Dubb et al. found that 70% of studies
reported structural barriers [155]. A recent paper supports these findings [156]. It is,
therefore, up to the hospital operator to create the necessary staff and material conditions to

implement the recommendations of this guideline.

Active mobilisation of intensive care patients is a remarkably complex procedure, as they
require direct support due to their physical weakness and indirect support in terms of
monitoring due to catheters and ongoing additional treatments. This is especially true if active
mobilisation occurs outside the bed. More time may be required to prepare the mobilisation

session for complex patients with many cables and tubes for monitoring and therapy [157].

(Early) mobilisation is not a task of physiotherapists alone but of the entire treatment team to
implement a training and mobilisation plan coordinated by the therapists with the other

professional groups.

45



We recommend that the hospital operator provides the personnel and material conditions
to enable (early) mobilisation in line with these recommendations.

Level of recommendation: strong

Level of evidence: 5 (expert recommendation)

Consensus strength: guideline members 95%; professional societies 91%.
Literature: [-]

5.3 Clinical question: Which patients should receive (early) mobilisation?

5.3.1  Patients who were previously functionally independent

Early mobilisation and mobilisation are interventions that, with a few exceptions, should be
carried out in all critically ill patients because they compensate for the primarily ICU-specific
immobilisation. It is the responsibility of the treatment team to discuss this task as part of the

prioritisation of activities and to implement it as a team.

However, most studies exclude patients who were not previously functionally independent.

For this reason, the evidence in the two patient groups is presented separately.

Klem et al. showed in a meta-analysis that ventilated patients benefit from (early) mobilisation
in terms of duration of ventilation and ICU LOS. Their analysis only considered studies with a
low or moderate risk of bias. [158]. Worraphan et al. confirmed the effect of (early)
mobilisation on the duration of ventilation in a similar study cohort [159]. In a meta-analysis
by Wang et al. that included patients regardless of their need for invasive mechanical
ventilation, early mobilisation resulted in improved muscle strength (measured by Medical
Research Council (MRC) score) in addition to shorter duration of ventilation, ICU and hospital
LOS [160, 161], and better functionality (Barthel index) [162]. Anekwe et al. confirmed the

improved muscle strength in a meta-analysis [163].

In a systematic review with meta-analysis by Waldauf et al., including critically ill patients
regardless of mechanical ventilation, a shorter duration of ventilation and ICU LOS was found.

In contrast, no effect on ICU and hospital mortality was demonstrated [164].
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In contrast to most other studies, Okada et al. did not demonstrate an effect of (early)
mobilisation on ICU length of stay, mortality, quality of life and functionality. At the same time,

a shorter hospital LOS and improved muscle strength were shown [165].

Zhang et al. conducted a systematic review with meta-analysis on (early) mobilisation using
the initiation criteria for early mobilisation of the PADIS guideline. The effects of (early)
mobilisation were heterogeneous for the outcomes of muscle strength (MRC score, hand or
guadriceps strength) and duration of ventilation. There was no effect on mortality at different
time points. However, the probability of discharge home could be increased by (early)

mobilisation [166].

The meta-analysis by Zang et al. demonstrated a beneficial effect of (early) mobilisation on
the incidence of ICUAW, functionality (Barthel index), muscle strength (MRC score), as well as
ICU and hospital LOS. At the same time, there was no effect on mortality and ventilator-free

days [167].

The meta-analysis by Tipping et al. analysed predefined subgroup analyses for onset (early: <
72 h versus late: > 72 h) and dose (short: < 30 min per day versus long: > 30 min per day) of
mobilisation analysing the long-term outcome days alive and out of the hospital to 180 days.
Muscle strength was improved by (early) mobilisation regardless of subgroups. However, the
ability to participate in activities of daily living was only improved by the higher mobilisation
dose. Mortality was not reduced in any subgroup. Additionally, patients receiving (early)
mobilisation experience more days alive and out of hospital (mean difference 9.7,

95% CI 1.7-17.7) [168].

Wang et al. used a similar approach and additionally considered the dose of (early)
mobilisation in the control group. Consequently, the intervention reduced hospital and ICU
LOS compared to the control. In contrast, the duration of ventilation was only shortened
compared with patients receiving low-dose mobilisation in the control group. There was no
effect on mortality, quality of life, or muscle strength; at best, there was a slight advantage for

physical function [169].

In addition to acute treatment outcomes, long-term treatment outcomes are highly relevant

for ICU patients. The post-intensive care syndrome (PICS) is a condition defined by limitations
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in physical, cognitive, and mental health [170]. In a systematic review, Fuke et al. addressed
whether (early) mobilisation influences PICS. They demonstrated improved muscle strength
(MRC score) but no change in cognitive function or mental health but had to limit their
statement due to the small number of studies on PICS [171]. The first indications of positive
effects on depression, anxiety and post-traumatic stress disorder were shown in the work of

Watanabe et al. [172].

Most meta-analyses were heterogeneous regarding the treatment outcomes studied (Table
1), likely because of different inclusion criteria, study designs, search periods and intervention
definitions. Nevertheless, positive effects, primarily on ventilation and length of stay, were
found in many meta-analyses, which is why (early) mobilisation must be recommended in

patients without contraindications.

Most primary studies excluded patients who were functionally dependent or had significant
physical limitations before ICU admission. There is no clear definition of functional
dependence. Still, it is most commonly considered a condition where patients require
assistance to walk or cannot perform activities of daily living independently [129]. Therefore,
this group of patients must be assessed separately (see 5.3.2) and the general
recommendation for (early) mobilisation must be limited to patients who are functionally

independent before ICU admission [135, 139, 144-146, 173, 174].

48



Table 1. Treatment outcomes of (early) mobilisation in meta-analyses.

i . Gri . - Duration ICU Hosp. .
oo o | | icomw || o | S O | sty | G e |t | 25| o
ventilation | of stay | of stay

Klem et al. [158] 1 n/a n/a n/a n/a n/a n/a n/a e e o n/a n/a
Worraphan et al. [159] 1 | nfa n/a n/a n/a n/a n/a n/a n/a n/a E 3 n/a n/a n/a 8
Wang et al. [162] 1 ef=2 o 3 n/a n/a o o o n/a o ou
Waldauf et al. [164] 1 n/a 1 n/a n/a n/a n/a n/a n/a o o n/a n/a
Anekwe et al. [163] 1 n/a e n/a n/a n/a n/a n/a n/a n/a n/a e n/a
Okada et al. [165] 1 n/a L B n/a o 5,6 n/a n/a n/a o n/a n/a
Zhang et al. [166] 1 | nfa n/a n/a L 3 n/a n/a n/a n/a VA X n/a n/a L 3 a
Zang et al. [167] 1 n/a e=2 o+ e 3 n/a n/a n/a 7 = = n/a o ou
Fuke et al. [171] 2 n/a n/a n/a o o n/a 5 n/a n/a n/a n/a n/a n/a
Tipping et al. [168] 1 | n/a n/a n/a efh n/a 6 n/a n/a n/a n/a n/a L ETRE
Wang et al. [169] 1 &2 n/a n/a 6 n/a n/a A Rt = o n/a n/a

+ positive effect; No Effect; ™ Negative effect
*measured by MRC Score; Abbreviations: ICU: Intensive Care Unit; Hosp: Hospital; LoE: Level of Evidence; ICUAW: Intensive Care Unit Acquired Weakness.

1: SF 36 Physical Component Score, 2: Barthel Index Score, 3: Functional Independence Measure 4: Quadriceps Strength, 5: EQ5D Score, 6: SF 36 7: ventilator-free days, 8: weaning
duration, 9: ventilator-associated pneumonia, 10: deep vein thrombosis, 11: pressure ulcers, 12: probability of being independent walking at discharge home, 13: days alive and
out of hospital on day 180, 14: positive effect of low-dose rehabilitation in the control group (! ) and for functional intervention. No effect for high-dose physical rehabilitation in
the control group or non-functional intervention.
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We recommend the implementation of (early) mobilisation in all critically ill patients who
were previously functionally independent and for whom there are no contraindications.

Grade of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

In general: LoE 1: Klem et al. [158]; Menges et al. [175]; Worraphan et al. [159]; Wang et al. [162]; Waldauf
et al. [164]; Anekwe et al. [163]; Okada et al. [165]; Zhang et al. [166]; Zang et al. [167]; Tipping et al. [168];
Wang et al. [169]; LoE 2: Liang et al. [176]; Schujmann et al. [145]; Schaller et al. [136]; Morris et al. [144];
Schweickert et al. [135]; Zhou et al. [146]; Fuke et al. [171]

CABG: LoE 3: Ribeiro et al. [177]; Dong et al. [178]

cardiac: LoE 3: Nakamura et al. [179]

Neurocritical Care: LoE 3: Schaller et al. [180]; LoE 4: Pang et al. [181]; Bahouth et al. [182]; Klein et al. [183]
Septic shock: LoE 2: Hickmann et al. [150]

Liver transplant: LoE 3: Maffei et al. [184]

Trauma: LoE 3: Higgins et al. [185]; LoE 4: Coles et al. [152]

No Effect: LoE 3: Moss et al. [139]

5.3.2  Patients who were not previously functionally independent

There are currently no studies explicitly investigating patients with functional dependence

before the ICU, but only those that did not explicitly exclude these patients.

Two prospective randomised controlled trials, including patients > 60 years after cardiac
surgery or in septic shock, have shown that (early) mobilisation reduces hospital length of stay
and improves health-related quality of life [148, 186]. This is complemented by the
retrospective cohort study by Yagi et al., which demonstrated lower mortality and higher
weaning rates in a matched cohort through (early) mobilisation, even for previously
dependent patients [187]. Similarly, the non-randomised controlled study by Gatty et al.
shows that (early) mobilisation increases the level of mobilisation on the last day of

rehabilitation even in previously functionally dependent patients [188].

Other studies with a low level of evidence examined cohorts with surrogates for functional
dependence. Kim et al. compared the effect of (early) mobilisation in a case-control study in
patients with low and normal muscle mass and showed that (early) mobilisation has a
beneficial impact on in-hospital and six-month mortality only in patients with low muscle mass

[189].
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The before-and-after study by Goldfarb et al. investigated the effectiveness of implementing
an (early) mobilisation protocol in patients > 80 years of age in a cardiac intensive care unit.
The authors describe that 38% had a functional limitation before admission. Establishing the
protocol reduced hospital mortality and increased the proportion of all patients who could be
discharged home [190]. The retrospective cohort study by Goldfarb et al. is one of the few
studies that investigates the influence of functional status before admission on the
effectiveness of (early) mobilisation. Functional status was quantified using the Rockwood
Clinical Frailty Scale. Frailty was found to not influence the change in functionality in the

perioperative context [191].

Fuest et al. confirmed through multivariate analyses in a matched cohort that frail patients do
not deteriorate functionally more frequently than non-frail patients. Even if ground effects of
the functional test variable must be considered, it indicates that efforts should also be made

in this patient group to at least maintain the functional status [192].

Given the available evidence, there are no studies with a high level of evidence to support the
effect of (early) mobilisation in patients who were functionally dependent prior to ICU
admission. Nevertheless, based on the studies for frail patients, elderly patients, and patients
with low muscle mass, as well as studies that do not exclude based on functional dependence,
the inclusion of these patients in (early) mobilisation programmes is formulated as a weak

recommendation.
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We suggest performing early mobilisation in critically ill patients who were functionally
dependent prior to ICU admission and for whom there are no contraindications.

(Early) mobilisation.

Grade of recommendation: weak

Level of evidence: 3

Literature:

In general: LoE 3: Yagi et al. [187], Gatty et al. [188]; Thiolliere et al. [193]; LoE 4: lwai et al. [194]
Sepsis: LoE 3: Kayambu et al. [186]; LoE 4: Kim et al. [189], Liu et al. [195]

Cardiac/Heart surgery: LoE 2: Cui et al. [148]; Borges et al. [196];LoE 3: Cordeiro et al. [197]
Neurocritical Care: LoE 3: Bartolo et al. [198]; LoE 4: Bartolo et al. [199]; Kim et al. [200]
Trauma: LoE 4: Booth et al. [201]; Coles et al. [152]; Elkbuli et al. [153]

Burns: LoE 4: Deng et al. [202]; O'Neil et al. [203]

5.3.3  Patients with continuous renal replacement therapy

Possible dislocation of intravascular catheters is a common barrier to (early) mobilisation.
Continuous renal replacement therapy (CRRT) requires catheters that are large in volume,

which may, if dislocated, lead to significant blood loss.

Mayer et al. specifically addressed the safety of (early) mobilisation in the context of
continuous renal replacement therapy and analysed 15 included studies with a cumulative of
436 patients mobilised during CRRT in a systematic review. In ten studies with 840
mobilisation units, a total of 15 (1.8%) adverse events were reported, two of which were

serious (disconnection of CRRT catheter, hypotension requiring catecholamines) [204].

An observational study by Toonstra et al. included 57 patients with at least one mobilisation
session during CRRT. Six adverse events (mean arterial pressure < 55 mmHg) and no serious
adverse events occurred during a total of 268 mobilisation sessions, which were mobilised up
to walking [205]. Results of studies with smaller cohorts or lower evidence also coincide with

these results [206-209].

The available evidence shows the safety of (early) mobilisation in the context of CRRT, which

is why it should not be considered a contraindication.
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We recommend mobilising patients on continuous renal replacement therapy (CRRT).

Grade of recommendation: strong

Level of evidence: 2

Consensus strength: guideline members 94%; professional societies 91%.

Literature:
LoE 2: Mayer et al. [204]

5.3.4  Patients with subarachnoid haemorrhage or external ventricular drains

Neurological and neurosurgical patients need to be considered separately concerning
mobilisation, as they are potentially more prone to develop adverse effects associated with
(early) mobilisation. These include alterations in intracranial pressure and blood flow
(vasospasm), which can lead to significantly increased morbidity in patients with subarachnoid
haemorrhage (SAH) and external ventricular drain (EVD). A milestone in this regard was the
large before-and-after study published by Titsworth et al. All neuro-intensive care patients
were consecutively included in the intervention phase of the study, which included diagnosis
of SAH (20%), malignancy (20%), stroke (19%), intracerebral haemorrhage (8%) or subdural
hematoma (8%). Results showed that the mobilisation concept was safe, increased mobility,
reduced the VAP rate and ICU and hospital LOS [210]. These findings were confirmed by
Bartolo et al. in patients with severe acquired brain injury (both traumatic and non-traumatic)
[199]. It should be noted that there is evidence from stroke research (i.e. stroke units and not
intensive care units) that mobilisation started very early (< 24h) can be harmful for patients
[211]. In particular, performing several short mobilisation sessions instead of one long session
seems vital [212]. The S2e guideline on acute therapy of ischaemic stroke (AWMF register
number 030-046, version 2021) recommends, "All stroke patients should start mobilisation
(out-of-bed activity) within 48 hours of stroke onset. Grade 1, LoE 2" [213]. However, it is

unknown to what extent these findings can be applied to ICU patients with stroke.

Despite the available literature, bed rest remained an integral part of treating patients with
SAB or EVD in many hospitals [198]. The 2013 Cochrane Review noted that no controlled trials
provided evidence for or against bed rest for at least four weeks after the onset of symptoms

in patients with aneurysmal SAH [214].
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In recent years, the first observational studies have been published describing the adverse
effects of (early) mobilisation in SAB and analysing desirable effects on treatment outcomes.
Young et al. studied the two phases of implementing an early mobilisation programme for
patients with SAB and EVD. No mobilisation was carried out prior to the programme. In the
first phase, early mobilisation was performed by therapists only and included sitting on the
edge of the bed, standing, and stepping in place. In the second phase, mobilisation measures
were expanded qualitatively (sitting in a chair outside the bed), quantitatively (up to 3 hours
a day) and in terms of personnel (mobilisation provided by nursing staff). Due to the addition
of nursing staff, the patients were mobilised more frequently and longer, but not earlier; all
patients could be discharged to home care or rehabilitation centres. LOS and ventilation days
significantly improved in the first phase. Due to pain, hypotension or increased intracranial

pressure, 12% of the mobilisation sessions were discontinued [215].

In the retrospective analysis by Yataco et al., 117 of 153 patients with EVD were mobilised.
The highest level of mobilisation achieved was walking. This level of mobilisation was
completed by 51 patients. Adverse events such as nausea, headache and vomiting occurred
in 6.9% of patients. Still, there was no dislocation of an EVD, so the study's authors considered

the early mobilisation of patients with EVD feasible [216].

Shah et al. came to the same conclusion in their prospective case series on early mobilisation
of patients with EVD. In 90 patients with 185 mobilisation sessions, only four (2.2%) adverse
events occurred (increased intracranial pressure, vomiting and dislocation of an EVD). The
level of mobilisation achieved included active standing in 81% of the mobilisation sessions.
However, only patients who met the following criteria were mobilised: Lindegaard ratio < 3.0,
mean flow velocity in the middle cerebral artery < 120 cm/s, mean arterial pressure

> 80 mmHg and constant intracranial pressure < 20 mmHg [217].

The retrospective cost analysis by Hester et al. in a neuro-ICU showed that implementation of
an early mobilisation protocol reduces ICU and hospital LOS, reduces costs immediately after
implementation of the protocol and has no adverse events [218]. A similar positive outcome
after implementing a mobilisation protocol - this time in terms of functionality on transfer
from the ICU - was shown in another retrospective study in patients with intracranial or

subarachnoid haemorrhage [219].
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In the prospective interventional study by Karic et al., patients with aneurysmal SAB in an
intermediate care unit (i.e., non-ventilated patients) were studied, with 77 patients treated in
2011 receiving standard therapy and 94 patients treated in 2012 receiving early mobilisation.
The early mobilisation protocol resulted in an earlier onset of mobilisation and mobilisation
to a higher level. Patients in the intervention group had significantly later and fewer clinical
vasospasms. There were also no increased complications in the intervention group [220]. At
one-year follow-up, the neurological outcome was better after early mobilisation (Modified
Rankin Scale, Glasgow Outcome Scale), but only in patients with poor neurological status on

admission to the ICU [221].

Early mobilisation in patients with SAB and EVD appears feasible but with the risk of
intracranial pressure elevations and ventricular drain dislocations. The beneficial effects are
consistent with those of early mobilisation in other cohorts. However, the evidence is limited,
and RCTs in these patient cohorts are very much needed. Currently, we can only suggest

mobilisation under close interdisciplinary consultation and strict risk-benefit assessment.

We suggest mobilising patients with subarachnoid haemorrhage or external ventricular
drainage after interdisciplinary consultation, considering potential risks and benefits.

Grade of recommendation: weak

Level of evidence: 3

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

LoE 3: Bartolo et al. [198], Titsworth et al. [210]

LoE 4: Bartolo et al. [199]; Young et al. [215]; Yataco et al. [216]; Shah et al. [217]; Hester et al. [218]; Karic et
al. [220]; Karic et al. [221]; Rand et al. [219]; Olkowski et al. [222]

5.3.5  Patients with ECMO-/ECLS therapy

ECMO therapy is only used in critically ill patients. Accordingly, the most common predefined
barriers to (early) mobilisation apply to these patients, such as sedation, haemodynamic or
respiratory instability, and dislocation of a medical device, particularly the acutely vital ECMO

cannula.

Braune et al. investigated whether mobilisation is feasible and safe in patients receiving
extracorporeal life support (ECLS) therapy. In their observational study, 43 of 115 patients

(37%) with ECLS therapy - including ECMO - could be mobilised to a mobilisation level > 3 on
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the ICU Mobility Scale (IMS), which corresponds to sitting at the edge of the bed. Mobilisation
was possible on 310 of 1242 (24.9%) ECLS days, with the most common reasons for
withholding mobilisation being sedation, poor general condition, lack of staff and
haemodynamic or respiratory instability. Low blood flow alarms occurred in 3.4% of
mobilisations and critically low blood flow alarms in 1.2%, always lasting < 60 seconds. Other
adverse events were desaturation (SpO2 < 85%) in 19% of mobilisation sessions, hypotension
(MAP < 50 mmHg) in 7.5% of mobilisations, and tachycardia (> 140 beats per minute) in 5.7%
of mobilisations. All adverse events were self-limiting or could be resolved by the treatment
team. Relevant bleeding (requiring discontinuation of mobilisation, surgical intervention, or
transfusion) occurred in 6.9% of actively mobilised patients and 15.3% of non-actively
mobilised patients. Dislocation of the ECMO cannula occurred during one mobilisation (0.3%
of mobilisations), though immediate recannulation was possible [223]. Another small
retrospective study also indicated that mobilisation during ECMO therapy was more likely to
have adverse events [224], while in other retrospective studies, only 0-2 % adverse events

occurred during mobilisation under ECMO [225-227].

A first prospective randomised controlled trial from 2020 investigated the feasibility and
safety of mobilisation under ECMO therapy. A total of 20 patients were randomised to the
intervention group (early mobilisation for seven days) or the control group (standard of care)
within 72 hours of the start of ECMO therapy. In total, only five patients were mobilised, four
in the intervention group and one in the control group, which is why the study has a pilot
character due to the lack of statistical power [228]. In a secondary analysis, no difference in
respiratory or haemodynamic parameters could be found. No adjustment of ECMO therapy
settings was necessary in this sub-cohort, and no adverse events occurred. The patients in the

intervention group could be mobilised to standing significantly earlier [229].

In the observational study by Liu et al., all patients with an unplanned ICU admission were
included over twelve months and mobilised according to the newly established mobilisation
protocol. Of the 232 critically ill patients included, six patients under ECMO therapy had 110
mobilisation units with only four unspecified adverse events but no dislocation of an ECMO

cannula [230].
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Patients with ongoing ECMO therapy are a high-risk cohort, but (early) mobilisation is
generally very safe. With appropriate experience and preparation, (early) mobilisation should
also be performed in ECMO patients because of the expected treatment benefit. In this
context, it should be remembered that ECMO therapy should only be performed in specialised
centres [231]. This also applies to the (early) mobilisation of these patients [228].

We recommend performing (early) mobilisation during ECMO therapy.

Grade of recommendation: strong

Level of evidence: 3

Consensus strength: guideline members 100%; professional societies 100%.

Literature:
LoE 3: Braune et al. [223]; ECMO PT Study Investigators [228]; Liu et al. [230]

5.3.6  Everybody who is not explicitly excluded

Immobilisation has far-reaching negative consequences for healthy subjects and especially for
the seriously ill. In healthy individuals immobilised for 70 days, there is a loss of up to 0.33%
of muscle mass per day [232]. In addition, muscle strength and neuromuscular function
deteriorate in healthy subjects, which cannot be fully explained by atrophy [233]. Insulin
resistance presents within seven days of immobilisation [234]. Besides immobilisation,
inflammation also proved to be a complicating factor [132, 235, 236], with immobilisation

presenting as an essential complicating factor in muscle recovery in animal models [237].

Despite the proven negative impacts of immobilisation, international prevalence studies
demonstrate that ICUs do not meet the recommended mobilisation goals [154, 238-240]. It s,
therefore, essential to implement the recommendations provided by national and
international guidelines in the daily routine of the entire treatment team to promote (early)
mobilisation as the standard of care. Specialist nurses or physiotherapists should
independently initiate and coordinate mobilisation measures according to an individual risk-
benefit assessment and based on local protocols if there is no medically required
immobilisation. Importantly, immobilisation requires an explicit prescription and justification

(see Chapter 5.4) [241].
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We recommend an explicit prescription of medically required immobilisation.

Level of recommendation: strong

Level of evidence: 5 (expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.
Literature:
Guideline reference: Aquim et al. [242], Devlin et al. [141], Murray [243]

5.4 Clinical question: Which patients should not receive (early) mobilisation?

In addition to its effects on functionality and muscle mass, (early) mobilisation prevents
contractures even by passively mobilising the joints. Passive mobilisation does not generally
impact the muscular, cardiovascular, or respiratory system. During active mobilisation,
increased muscular metabolism and activation of the cardiovascular and respiratory systems
are intentional, and moderate desaturation or hypotension are therefore expected [136].
Respiratory and cardiovascular reserve, therefore, need to be assessed before active
mobilisation to adapt its intensity adequately. There is currently no evidence that supports
absolute parameters as contraindications for mobilisation, emphasising the importance of the
overall clinical presentation of an individual patient. The values presented in the guideline are
based on expert opinions and mobilisation protocols published in the current literature, which

may support individual risk-benefit assessment (see Table 2).
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Table 2. Safety criteria for starting mobilisation

>50 >50 Wahab et al. [244]
<200 Wahab et al. [244]
<180 Conceicao et al. [245]
70-180 <170 Aquim et al. [242]
65 - 180 Sakai et al. [246]
90 - 200 Yang et al. [247]
<110 Sakai et al. [246]
65-110 Yang et al. [247]
60-110 Sommers et al. [248]
60-115 Fraser et al. [249]
60-115 > 60 McWilliams et al. [250]
>55 Wahab et al. [244]
AHRQ Safety Program for
55-140 Mechanically Ventilated
Patients [251]
Yang et al. [247]
Sakai et al. [246]
40-130 Conceicao et al. [245]
Wahab et al. [244]
Sommers et al. [248]
Y <120 Hodgson et al. [252]
50-120 Fraser et al. [249]

<150 and absence of
bradyarrhythmia requiring
pharmacologic treatment

Presneill et al. [253]

Equivalent to < 0.2
pg/kg/min noradrenaline

<0.1 ug kg min?
noradrenaline or

adrenaline

<10 pgkg! min?
dopamine

Sommers et al. [248]

<0.2 pgkg! min?
noradrenalin or
equivalent

McWilliams et al. [250]

<0.2 pg kg mintor<0.1
ug kg min?t if increase of
noradrenalin/adrenalin-
rate > 25% in the last

6 hours

Presneill et al. [253]

>90

Aquim et al. [242]
Hodgson et al. [252]
Sommers et al. [248]

Yang et al. [247]

Sakai et al. [246]

Wahab et. al. [244]
AHRQ Safety Program for
Mechanically Ventilated
Patients [251]

Fraser et al. [249]
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< 12 (except obese
patients)

Fraser et al. [249]

<12 -~
McWilliams et al. [250]
Hodgson et al. [252]
Yang et al. [247]

<10 AHRQ Safety Program for

Mechanically Ventilated
Patients [251]
Sommers et al. [248]

<10 for mobilisation level
above sitting on the edge
of the bed

McWilliams et al. [250]

<16 Presneill et al. [253]
McWilliams et al. [250]
AHRQ Safety Program for
<06 <0.6 Mechanically Ventilated
- Patients [251]
Sommers et al. [248]
<0.6 Presneill et al. [253]
Yang et al. [247]
Sakai et al. [246]
el Fraser et al. [249]
Wahab et al. [244]
5-40 AHRQ Safety Program for
<35 Mechanically Ventilated
Patients [251]
<40 Sommers et al. [248]
<45 Presneill et al. [253]
- < 4.0 mmol/L Presneill et al. [253]

> 2.0 L/min/m?

Presneill et al. [253]

36.0°C-38.5°C

36.0°C-38.5°C

Sommers et al. [248]

All criteria and values listed in Table 2 do not replace the treatment team's individual

assessment of the critically ill patient.

We recommend mobilisation in patients with adequate respiratory and cardiovascular
reserve. However, we are currently unable to make an evidence-based recommendation
on absolute values that are considered a contraindication to mobilisation.

Grade of recommendation: strong

Level of evidence: 5 (expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

al. [252]; Presneill et al. [253]; Boyd et al. [254]

Aquim et al. [242]; Wahab et al. [244]; Conceicao et al. [245]; Sakai et al. [246]; Yang et al. [247]; Fraser et al.
[249]; McWilliams et al. [250]; AHRQ Safety Program for Mechanically Ventilated Patients [251]; Hodgson et
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5.5 Clinical question: When should a mobilisation session be discontinued or

aborted?

The reviews by Nydahl et al. show 2.6 - 3.9% adverse events and 0.3 - 0.6% serious adverse
events during mobilisation of critically ill patients [255, 256]. Consequently, close monitoring
during a mobilisation session is essential to detect changes requiring discontinuation early on.
Reference values are desaturation < 86%, an increase of heart rate > 30% of baseline, an
increase in systolic blood pressure 2 40 mmHg or diastolic blood pressure 2 20 mmHg, new or
increased cardiac arrhythmias and a deterioration of the level of consciousness [246]. Suppose
the treatment team concludes that mobilisation cannot be conducted or continued at the time
of assessment due to a limited respiratory and cardiovascular reserve, therapeutic measures

should be taken to improve the patient's condition and enable mobilisation [246].

All criteria and values listed here are intended as a reference without general validity and do

not replace the individual assessment of the patient.

We suggest discontinuing a mobilisation session if according to judgement, it poses a
risk to the patient. These criteria may be:
- desaturation < 86%
- heart rate increase > 30% from baseline
- ystolic blood pressure rise 2 40 mmHg from baseline
- diastolic blood pressure rise 2 20 mmHg from baseline
- mean arterial pressure < 50 mmHg from baseline
- new onset or worsened cardiac arrhythmia requiring treatment

- deterioration of the level of consciousness compared to the start
Grade of recommendation: weak

Level of evidence: 5 (expert opinion)

Consensus strength: guideline members 94%; professional societies 100%
Literature:

LoE 4: Sakai et al. [246]; Fraser et al. [249]

5.6 Clinical question: How should (early) mobilisation be performed?

5.6.1  Protocol-based (early) mobilisation of critically ill patients

Recently, it has been repeatedly shown that implementing (early) mobilisation in the ICU does
not reach the quality and quantity recommended by guidelines. In 2016, a survey of 951 ICUs

showed that 48% of ICUs perform early mobilisation, and only 21% have established a protocol

61



[154]. The successful implementation of (early) mobilisation in everyday clinical practice
requires interprofessional cooperation and coordination, which can be facilitated through a
mobilisation protocol. Introducing a protocol leads to an earlier start of (early) mobilisation.
Furthermore, the institutionalisation of early mobilisation can reduce financial, staff and
equipment-related barriers [154]. In summary, protocols increase the feasibility and safety of

(early) mobilisation treatment [257].

In a RCT by Schujmann et al., the application of a mobilisation protocol led to a significant
increase in active time during hospitalisation with 4.18% in the control group compared to
7.55% in the intervention group. At discharge from the ICU, patients in the intervention group
were significantly more functionally independent and achieved a higher mobilisation level.
This result was also confirmed in the sit-to-stand and 2-minute walk tests. In addition, the

mobilisation protocol led to a significantly shorter ICU stay [145].

In a randomised controlled pilot study from 2016, Hodgson et al. investigated a protocol based
on active mobilisation, in which mobilisation was started at the highest possible level and
decreased in level only if necessary. The aim was to spend as much time as possible at the
highest possible mobilisation level. This approach contrasted with protocols starting with a
slow increase in mobilisation intensity. As a result, patients in the intervention group achieved
a higher mobilisation level by applying the protocol. Overall, 90% of the patients in the
intervention group were standing, and 66% were mobilised to walk, compared to 62% and

38% in the control group, respectively. They also received longer mobilisation sessions [173].

The first international multicentre RCT applying a mobilisation protocol by Schaller et al.
proved effective. 52% In the intervention group, compared with 25% in the control group,
achieved the highest level of mobilisation at ICU discharge compared to the control group.
The ICU LOS was shortened, and the physical function at ICU discharge was significantly

improved [136].

The available evidence shows that a more (early) mobilisation in terms of duration and
intensity can be achieved by applying a mobilisation protocol. All studies had a significant
separation between the intervention and control groups. Scheffenbichler et al., Watanabe et
al., and Paton et al. showed in their analyses that the mobilisation dose (duration and level)

are relevant predictors for an improved treatment outcome [258-260]. This was confirmed by
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the RCTs of Morris et al. and Schaller et al. [136, 144]. Accordingly, a protocol-based approach
should be established when performing (early) mobilisation.

We recommend a protocol-based approach for implementing (early) mobilisation.

Level of recommendation: strong

Level of evidence: 1

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

LoE 1: Waldauf et al. [164]

LoE 2: Schaller et al. [136]; Schujmann et al. [145]; Morris et al. [144]

5.6.2  Safety criteria for mobilisation

According to the subjects presented in Chapters 5.4, "Which patients should not receive
(early) mobilisation?" and 5.5, "When should a mobilisation session be discontinued?" the
integration of individual ICU-based safety criteria into mobilisation protocols is

recommended.

We suggest integrating safety criteria (e.g., pulmonary and cardiovascular conditions) into
the mobilisation protocol.

Grade of recommendation: weak

Level of evidence: 2

Consensus strength: guideline members 100%; professional societies 100%.
Literature:
LoE 2: Schaller et al. [136]; Schujmann et al. [145]

5.7 Clinical question: How should a mobilisation session be prepared?

Mobilisation of ICU patients is a demanding treatment procedure that requires careful
preparation and interprofessional coordination both within the treatment team and with the

patient.

Once the daily mobilisation goal has been set, three aspects should be considered in addition
to the patient during preparation: 1. the therapeutic measures to continue therapy during
mobilisation; 3. the mobilisation equipment; 4. the safety measures. If the level of
consciousness is adequate, patients should be involved in the planning of the mobilisation

session. Additionally, sedation may have to be reduced. Preparation of intensive care therapy
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measures may include extension of perfusion lines or ventilation tubes, disconnection from
dialysis, and availability of additional material such as a mobile ventilator, oxygen cylinders or
mobilisation aids (e.g., bed bicycle, walker). Preparation of safety measures includes adjusting
the alarm values on the transport monitor and ventilator and providing additional staff to

support the patient.

The measures listed here are only examples and cannot be applied to every situation without
restrictions. It is vital to plan these aspects individually in the interprofessional team based on

the clinical background of the critically ill patient.

For preparing a mobilisation session, we suggest

- informing the patient,

- providing sufficient staff, and

- securing/extending artificial airways, IV lines or other drains.

To monitor vital signs during mobilisation, heart rate, blood pressure and peripheral
oxygen saturation should be recorded continuously / closely. In ventilated patients, the
most important ventilation parameters should be continuously monitored.

Grade of recommendation: weak

Level of evidence: 5 (expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.
Literature: [-]

5.7.1  Types of mobilisations

Mobilisation covers various interventions, from passive range of motion to walking outside

the room. Different approaches to mobilisation are established in the literature.

Passive mobilisation only

Passive mobilisation is included as the lowest level in most mobilisation protocols, to be
applied when the patient's consciousness, cognition or haemodynamics are so limited that
active mobilisation cannot be performed [261-264]. Passive mobilisation benefits patients

with impaired consciousness and stroke patients [180, 200, 264].

Rahiminezhad et al. investigated the effect of massage and range of motion exercises
(passive/assisted/active) in addition to usual care in an RCT. The massage group received a
daily massage for 30-60 minutes in addition to usual care, whereas the second group had ROM

exercises for 30-60 minutes. The control group received usual care, which included respiratory
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and limb physiotherapy. Results showed a significant increase in muscle strength in both
intervention groups. Nevertheless, there was a more significant increase in strength with
passive, assisted or active movement exercises for 30-60 minutes than in the group with a

massage [265].

There is no evidence comparing active and passive mobilisation in critically ill patients.
However, there is evidence that early implementation of passive mobilisation may be

beneficial [200, 264, 266].

Passive and active mobilisation combined

Most mobilisation protocols contain passive and active mobilisation elements ranging from
passive mobilisation to walking independently, which can be applied depending on the

patient's condition during any phase of the disease [152, 182, 244, 249, 267, 268].

However, the various mobilisation protocols differ. For example, Sigler et al. proposed an
eight-level, progressive model in which patients start sitting on the edge of the bed only on
level five [268]. In a protocol for patients with intracranial haemorrhage, Bahouth et al. also
considered mental status and motor function. If the patient is in a stable condition, active
mobilisation is performed on eight different level, alternatively passive mobilisation is used
(three levels if upper body elevation is possible, otherwise two levels) [182]. Furthermore, a
rehabilitation pathway implemented the recommendations of the National Institute for
Health and Care Excellence for rehabilitation management in the ICU. The level and duration
of mobilisation were adapted to the patient’s clinical condition. Patients with significant
functional impairments received either passive mobilisation, assisted mobilisation or
measures to prevent respiratory complications. Patients with mild impairments, on the other
hand, were gradually included in breathing exercises, muscle strength training, transfers, and
walking. In this six-level approach, patients were mobilised between 20 and 45 minutes daily,
six days per week [269]. A progressive mobilisation protocol that included four intervention
levels was used by Fraser et al., where caregivers, care assistants and family members

performed the first level of mobilisation without the mobility team [249].

Many scores, such as the Surgical ICU Optimal Mobilisation Score (SOMS) protocol, combine

passive and active elements [180, 261-263]. The mobilisation goal of the SOMS was based on
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the clinical condition of the patient and the level of mobilisation achieved on the previous day
(Figure 3). The levels and according conditions are 0 - no mobilisation in the presence of an
unstable spine or elevated ICP, 1 - passive movement exercises and elevated upper body if
there is no indication for immobilisation, 2 - sitting, when the patient can move extremities
and to follow simple commands, 3 - standing, with a strength level of at least 3 out of 5 and
the ability to sit without support, and 4 - walking, as soon as patients can stand and walk on

the spot with minimal support.

SOMS 4:
Ambulating

1. Stand twice with
minimal assist.

2. Steps in place with
minimal assist.

SOMS 3:
Standing

1. Bilateral quadriceps
strength 3/5 or more
2. Sits without support
3. No weight-bearing
restrictions.

SOMS 2:
Sitting up

1. Follows simple
commands.

2. No open spinal drains,
EVD, peritoneum, chest.
3. No femoral CVVH lines.

SOMS 1:
PROM, upright in
bed

CVVH: continuous venovenous hemofiltration
EVD: extracranial ventricular drains

ICP: intracranial pressure

PROM: passive range of motion

SCI: spinal cord injury

1. Stable spine, no SCI.
2.1CP <20 mmHg
3. Not a moribund patient

SOMS 0:
No active therapy

Figure 3. Surgical Optimal Mobility Score adapted from Meyer et al. [270]

Barriers to mobilisation were identified and discussed in the interdisciplinary team to
effectively remove them and enable mobilisation. Applying the SOMS protocol in a
multicentre randomised controlled intervention trial improved functionality and shortened

ICU LOS [136].

Additional established mobilisation protocols based on similar concepts include the

Manchester Protocol [250] or the protocol of the Early Mobilisation Network [271].

66



Early active mobilisation

Concepts focusing exclusively on active mobilisation exist. The IMS was developed by a
multidisciplinary and interprofessional group of experts in the field of (early) mobilisation in
intensive care in Australia. A patient’s mobilisation goal is set daily based on the IMS and the
clinical condition. In contrast to protocols with a slow increase in mobilisation intensity, each
patient is mobilised to the highest possible level of mobilisation at the beginning, which is then

reduced as needed, and the levels consist of only active mobilisation (Figure 4).

In a pilot study, applying the IMS protocol created a sufficient separation in mobilisation dose
between the intervention and the control group [173]. The results of the TEAM RCT assessing
patient-centred long-term endpoints could no longer be fully evaluated prior to the
publication of this guideline [253, 272]. To date, the question of adequate dose remains
unanswered [273]. There is no evidence to support the advantage of mobilisation protocols
that only perform active mobilisation over mobilisation protocols that combine passive and
active range of motion exercises. The clinical advantage of mobilisation protocols combining

passive and active mobilisation is proven and recommended.

We recommend using both passive and active components in the mobilisation protocol.

Level of recommendation: strong

Level of evidence: 2

Consensus strength: guideline members 100%; professional societies 100%.
Literature:
LoE 2: Schujmann et al. [145]; Schaller et al. [136]; Rahiminezhad et al. [265]
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Adequate physiologic stability

l

Start the therapy session with

Perfom mobility assessment

IMS 7-10 . .
» Plan 60 minutes F— Walking for as long as possible

!
Stand for as long as possible
IMS 4-6 then standing balance
Plan 45 minutes then Sit-To-Stand training for as long as
possible
J

( IMS 3 \ Sitting balance
\ Plan 30 minutes / then dangling for as long as possible

!

e IMS 1:2 Active bed exercise for as long as possible
Plan 30 minutes

!

Additional sitting (twice per day)
IMS 0
No active therapy IMS 7-10: Out of Bed 30-60 minutes
IMS 1-6: In or Out of bed 30-60 min
IMS 0: In Bed 15-30 min

Figure 4. ICU Mobility Scale (IMS) adapted from Hodgson et al. [173]

5.8 Clinical question: How long and frequently should mobilisation be performed?

The choice of mobilisation dose remains relevant when using mobilisation protocols in
everyday clinical practice. The dose consists of the duration, intensity (especially level) and
frequency of mobilisation therapy. In the last version of the guidelines, expert consensus
recommended mobilisation twice daily for at least 20 minutes each (i.e., at least 40 minutes

per day) [274].

The IMS concept recommends even significantly longer daily mobilisation times (of active

mobilisation) without a specification of the frequency (Table 3)[173].
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Table 3. Timelines in the IMS concept [173, 275, 276]

10-7 60
6-4 45
3 30
2-1 30
0 15-30

Notably, the duration of mobilisation in RCTs is often much shorter. Patients in the pilot RCT
performed by Hodgson et al. were mobilised daily for a mean duration of 20 minutes, while

the control group received only seven minutes of mobilisation per day [173].

In the RCT by Wright et al., the mobilisation protocol was planned to be 90 minutes in the
intervention group and 30 minutes in the control group; however, the two groups received

only 23 minutes versus 13 minutes on mobilised days (57% vs. 40%), respectively [138].

In the multicentre randomised controlled intervention study by Schaller et al., patients were
mobilised daily, and the mobilisation goal was achieved on 89% of the study days. The
intervention led to a shortened ICU LOS and improved physical function at discharge.
Mobilisation duration in the study cohort was low, averaging 60 minutes during the ICU stay

[136].

In the RCT by Morris et al., patients in the intervention group were mobilised three times daily
and showed improved physical function six months after discharge. However, mobilisation did

not improve short-term outcomes [144].

The prospective, international cohort study by Scheffenbichler et al. directly addressed the
influence of the mobilisation dose (level x time). Results indicated that a higher mobilisation
dose reduced the risk of adverse discharge disposition and mortality, hospital and ICU LOS,
and improved physical function. Furthermore, duration of mobilisation was independently

associated with a reduced risk of adverse discharge [258].

So far, it has only been shown that a longer mobilisation duration is associated with a better
overall treatment outcome, which is why the longest possible mobilisation should be carried
out in a patient-adapted manner [258, 277, 278]. In addition, studies show a beneficial effect

on daily mobilised patients, which is why it seems worthwhile.
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In contrast, results from stroke research on stroke units (not ICUs) demonstrated a negative
effect of earlier (within 24 h after admission) and more intense mobilisation [211]. In a
predefined dose-response analysis of the same study, early onset and higher total duration
had a negative impact. However, a higher frequency was beneficial for the same total
duration, i.e., several short sessions throughout the day are preferable to one long session

[212].

At present, no minimum or maximum duration or frequency of mobilisation can be
recommended based on the available evidence, especially since it is to be expected that an
individual dose will have to be found depending on the basic constitution of the patient as

well as the current clinical condition. Further scientific research in this area is necessary.

We recommend daily mobilisation with sufficient duration.

Level of recommendation: strong

Level of evidence: 5 (expert recommendation)

Consensus strength: guideline members 100%; professional societies 100%.

Literature:
Guideline reference: Aquim et al. [242]
LoE 2: Schaller et al. [136]; Morris et al. [144]; Dong et al. [143], Winkelmann et al. [278]

5.9 Clinical question: With what intensity should mobilisation be performed?

Based on the current literature, beneficial effects are limited if guideline-based (early)
mobilisation is established as the standard of care [156, 279]. There are also signs and

symptoms of excess physical burden [280], although exact limits are currently unknown [273].

In the observational study by Paton et al., 185 patients were followed up on their health status
using the EQ-5D-5L six months following ICU admission. It was shown that a higher
mobilisation level measured by the IMS during the ICU stay was associated with better health
status, independent of sex and disease severity. In addition, patients who achieved an IMS 2

5 (transfer from bed to chair) showed a significantly better health status [259].

Raurell-Torreda et al. also conducted a multicentre observational study to identify predictors
of ICUAW and found an association between standing (IMS > 4) and a reduced risk of ICUAW
[281]. Similarly, Shimogai et al. also showed in their retrospective analysis of 155 ICU patients

that regardless of disease severity, age and functional status prior to hospital admission,
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IMS >4 (standing) within five days of ICU admission increased the likelihood of being
discharged home [282].

The paper published by Scheffenbichler et al. on the influence of mobilisation dose

demonstrated an independent effect of a higher mobilisation level on adverse discharge [258].

(Early) mobilisation should be performed at the highest possible level according to the current
state of research, whereby, in particular, the standing (IMS > 4) appears to be an important
milestone in improving treatment outcomes.

We recommend mobilising to the highest possible mobilisation level. Optimally, the
patient should stand, actively transfer from bed to chair, or walk (SOMS > 3 or IMS 2 4).

Grade of recommendation: strong

Level of evidence: 3

Consensus strength:

Literature:
LoE 3: Scheffenbichler et al. [259]; Raurell-Torreda et al. [281]

5.10 Clinical question: How should mobilisation be implemented into intensive care?

The therapy of ICU patients includes many different aspects, such as ventilation or weaning
from ventilation, treatment of delirium, pain and sedation as well as family. In clinical practice,

it can be challenging to coordinate all these aspects.

In a prospective cohort study, Hsieh et al. first introduced a protocol for awakening trials and
monitoring and managing delirium in two ICUs. In the second step, a protocol for mobilisation
and coordination of the different bundle elements was established in one of the ICUs. Daily
spontaneous breathing trials were already standard practice in both ICUs before the start of
the study. They were able to show that only the introduction of the complete bundle,
consisting of awakening trials, spontaneous breathing trials, delirium monitoring and
management, (early) mobilisation as well as coordination of the different elements, led to an
improvement in the treatment outcome measured by the duration of ventilation, length of

stay in the ICU and the hospital [283].

The network meta-analysis by Matsuura et al. examined non-pharmacological interventions

with several components for delirium prevention, which had a protective effect on delirium.
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The combination of sleep promotion and cognitive stimulation showed the strongest effect
followed by the combination of sleep promotion, cognitive stimulation, early mobilisation,

pain therapy and patient assessment as second best [284].

Chen et al. conducted an identical network meta-analysis. In a similar fashion, non-
pharmacological intervention consisting of multiple components (including early mobilisation)
significantly reduced the incidence of delirium, whereas no effect was detected for early
mobilisation alone. There is potentially a synergistic effect between the individual

components [285].

5.10.1 The ABCDEF-Bundle

The ABCDEF bundle [286] consists of the components A (assessment, prevention and
management of pain), B (both spontaneous awakening trial and spontaneous breathing trial),
C (choice of analgesia and sedation), D (delirium: assess, prevent, and manage), E (early

mobility and exercise) and F (Family engagement and empowerment) (see Figure 5) [287].

Assess,

prevent and
manage
pain

Family
engagement
and
empower-
ment

Both sATs

and SBTs

PATIENT

Choice of
analgesia
and
sedation

Early

mobility and
exercise

Delirium:
assess,
prevent and
manage

Figure 5. ABCDEF bundle adapted from Society of Critical Care Medicine [286]
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In a prospective observational study by Collinsworth et al. high adherence to the ABCDE
bundle increased the likelihood to be discharged home, and reduced hospital LOS and
mortality. Individual effect of the bundle elements cannot be determined based on the

analyses [288].

Barnes-Daly et al. reported that bundle adherence was associated with decreased in-hospital

mortality and cognitive dysfunction in a prospective cohort study of over 6000 patients [289].

In a large retrospective and prospective cohort study of more than 15,000 patients, Pun et al.
showed that complete adherence to the ABCEDF bundle positively affected the treatment
outcome, which decreased with the degree of non-compliance. Complete bundle adherence
increased the likelihood of discharge from the ICU and the hospital, reduced mortality risk and
increased the likelihood of extubation on the following day. In addition to the short-term
effects, adherence to the ABCDEF bundle was associated with a lower likelihood of ICU

readmission and a higher likelihood of discharge home [290].

The individual bundle elements are also reflected in the intensive care quality indicators [291]
published by the German Interdisciplinary Association for Intensive Care and Emergency

Medicine (DIVI).

Table 4. Main indicators of intensive care medicine (according to DIVI; 4th edition) [291]

Daily multiprofessional and interdisciplinary ward rounds with documentation of daily goals

Management of sedation, analgesia and delirium

Patient-adapted ventilation (for severe lung failure)

Early weaning from invasive ventilation

Monitoring of infection prevention measures

Infection management measures

Patient-adapted nutrition

Structured communication with patients and relatives

Early mobilisation

Head of the intensive care unit

Early mobilisation has been included as one of the main indicators since 2017 providing a step-

by-step approach to the structural implementation of early mobilisation in the ICU [291].

73



5.10.2 Evaluation and recommendation on bundle approaches

The available evidence indicates a synergistic effect of the different therapies that an ICU
patient receives, leading to the recommendation of a coordinated approach based on a

bundle, e.g. the ABCDEF bundle.

We recommend the integration of (early) mobilisation into a treatment bundle covering
the management of pain, anxiety, agitation and delirium, and conduction of spontaneous
breathing trials in ventilated patients (e.g., ABCDEF bundle).

Level of recommendation: strong

Level of evidence: 3

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

ABCDEF-Bundle:

LoE 3: Hsieh et al. [283]; Pun et al. [290]; Barnes-Daly et al. [289]; Frade-Mera et al. [292]
LoE 4: Collinsworth et al. [288]; Bounds et al. [293]; Balas et al. [294]

LoE 5: Chen et al. [295]

others:

LoE 1: Chen et al. [285]

LoE 2: Matsuura et al. [284]

LoE 4: Martinez et al. [296]; Smith et al. [297]

LoE 5: Escalon et al. [298]

5.11 Clinical question: How can nutrition supplement (early) mobilisation?

Muscle loss has been reported to be as high as 12.5% within the first seven days of critical
illness [133]. In addition, 40% of patients develop pronounced muscle weakness, which can
lead to quadriplegia [299, 300]. In healthy subjects, increased protein intake and muscle
training significantly increase muscle strength and mass [301]. Therefore, protein intake was
also investigated in critically ill patients with a wide variety of rehabilitation programs, which

likely explains the heterogeneous results of these studies.

Ferrie et al. investigated the effect of 0.8 g/kg/d and 1.2 g/kg/d protein in a double-blinded
intervention study. No difference in hand strength at ICU discharge was found. Also, the
favourable effect on nitrogen balance on day 3 was no longer there on day 7. However, there
was a positive effect on muscle cross-sectional area in ultrasound. Length of stay, duration of

ventilation and mortality remained unaffected [302].
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In the randomised controlled pilot study by Fetterplace et al., protein supplementation
increased protein intake while reducing the loss of muscle cross-section at discharge from the

ICU. However, there was no effect on muscle strength or physical function [303].

In a meta-analysis by Lee et al., 19 studies comparing high and low protein intake were
examined. There was no effect on mortality, duration of ventilation, hospital or ICU LOS.

However, high protein intake reduced muscle atrophy during the ICU stay [304].

In contrast to exercise in healthy individuals, there is evidence from an observational study of
66 ventilated patients that intensive early mobilisation was associated with only a slight
increase in calorie consumption (20 minutes of mobilisation with active transfer to a chair and

back required less than five additional calories) [305].

The interaction of diet and exercise in critically ill patients is complex, and results from initial
studies are contradictory. Nakamura et al. showed that increased protein intake combined
with mobilisation and electrical muscle stimulation led to a significant decrease in muscle
atrophy. The effect was absent when the patients did not receive electrical muscle stimulation
[306]. In the RCT by de Azevedo et al., combining a high protein intake with daily supine cycling
led to significantly improved physical quality of life three and six months after discharge. In
addition, the intervention group had more handgrip strength and reduced mortality compared
with the control group [307]. The pilot study by Kagan et al. also investigated the combination
of supine cycling and high protein intake, which showed no effect on ICU LOS, hospital LOS or
duration of ventilation. In contrast to the results by Azevedo et al., there was no effect on

mortality. Physical function or muscle strength were not studied [307, 308].

First monocentric studies show promising results regarding the combination of increased
protein intake and (early) mobilisation. However, the number of studies is insufficient to make
a recommendation currently, and further scientific studies of the question are necessary.

Further multi-centre studies (e.g., NEXIS trial) are currently conducted [309]).
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We are unable to make a recommendation for or against the combination of mobilisation
with increased protein intake.

Grade of recommendation: [-]

Evidence level: 5 (expert consensus)

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

LoE 2: Nakamura et al. [306]; de Azevedo et al. [307]

LoE 4: Kou et al. [310], Nakano et al. [311]

LoE 5: Wappel et al. [312]

No effect: LoE 2: Kagan et al. [308]

5.12 Clinical question: How should relatives be involved in the (early) mobilisation
of critically ill patients?

Critical illness and the associated therapy in the intensive care unit is a significant burden for
patients. In recent years, it has been shown that not only the patients but also their relatives
suffer from the situation [313]. In addition to investigating the patients’ distress associated
with the ICU stay, the burden on relatives has also come into scientific focus. One approach
to alleviate this burden is involvement in care. For example, the ABCDE bundle has now been

extended to ABCDEF (F for family) to consider this.

In their systematic review, van Delft et al. investigated the acceptance of involving relatives in
care and the effects of this very involvement. The attitude towards involving relatives in care
was positive for the treatment team, the patients, and their relatives. As there are few studies

with relatives involved in mobilisation, no statement on its actual effect was possible [314].

Due to the limited evidence, it is not possible at this stage to recommend caregivers'
involvement in mobilisation. However, the positive attitude of all stakeholders towards

involvement shows that further studies in this area are necessary.
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We are unable to make a recommendation for or against the involvement of relatives in
(early) mobilisation.

Grade of recommendation: [-]

Evidence level: 5 (expert consensus)

Consensus strength: guideline members 94%; professional societies 91%.
Literature:
LoE 5: van Delft et al. [314]

5.13 Recommendations of other guidelines

Notably, several guidelines on early mobilisation have been published and referenced in the
respective chapters [126, 141, 242, 243, 248, 269, 315, 316]. Generally, early mobilisation of
critically ill patients is recommended, considering differently defined safety and
discontinuation criteria as well as contraindications [141, 242, 248]. ICU patients who should
receive (early) mobilisation are defined based on varying criteria [141] or absence of
contraindications [242]. In the present guideline, the available evidence was specifically
elaborated for specific groups, such as patients undergoing ECMO or renal replacement

therapy, to include these patients in (early) mobilisation under precise evaluation.

In accordance with this guideline, three of the seven published guidelines recommend daily
mobilisation [242, 248, 315]. Additional emphasis was put on protocol-based (early)
mobilisation [316], a structured interdisciplinary team [141, 242, 243, 269, 315] and the
involvement of relatives [141, 269, 315], which are consistent with the current evidence

presented in this guideline.
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6 Assist devices and robotics

6.1 Definition

This chapter discusses the use of assist devices in the context of mobilisation in the ICU and
compares their use with (early) mobilisation or standard of care. Assist devices include
equipment-assisted measures (e.g., supine cycling, treadmill) and the use of robotics. Their
use is not uniform, and they are often part of heterogeneous, multimodal study interventions
in combination with (early) mobilisation, the respective standard of care or neuromuscular

electrical stimulation.

Supine cycling can be used with patients lying in bed and allows motor-assisted passive,
assisted-active or active cycling adapted to the patient’s physical strength for the variables
support/resistance and speed. Patients are supine with individually adjusted head height (e.g.,
semirecumbent) to allow optimal leg movement. The aim of using assistive devices is to
prevent muscle deterioration through passive, active-assisted or active mobilisation and
improve treatment outcomes for critically ill patients. The use and adjustment of assistive

devices must also be trained, respecting the respective manufacturer's instructions.

6.2 6.2 Effects and Impacts

The interpretation of the available studies on the effect of supine cycling on patient-oriented
treatment outcomes is almost impossible due to the heterogeneous study protocols
concerning the intervention and control groups and the definition of treatment outcomes.
The assist devices were evaluated in combination with early mobilisation, with mobilisation,
and as part of multimodal rehabilitation concepts. Likewise, the control groups were standard
of care or (early) mobilisation. The endpoints ranged from functionality and muscle strength

to duration of ventilation and ICU and hospital LOS.

6.2.1 Clinical question: Is adding supine cycling with early mobilisation beneficial?

Based on the available evidence, the combination of bed cycling with (early) mobilisation did
not show any improvement in functionality (Barthel Index, MRC, 6MWD, Katz Index of

Independence, FIM) or quality of life (SF-36) [279, 317, 318]. Similarly, no effect could be
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demonstrated on the muscular level: respiratory muscle strength, lower limb muscle
resistance and rectus femoris thickness were not significantly improved in the early

mobilisation and bed cycling groups compared to early mobilisation alone [318].

Duration of ventilation was not affected by the additional use of supine cycling compared to
the control group in eight of nine RCTs and meta-analyses [164, 177, 317, 319-324]. Similarly,
bed cycling did not reduce ICU and hospital LOS in seven of nine RCTs and meta-analyses [164,
177,317, 319-323, 325].

We are unable to make a recommendation for or against the use of supine cycling in
combination with (early) mobilisation.

Grade of recommendation: [-]

Level of evidence: 2

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

LoE 2: Waldauf et al. [317]; Eggmann et al. [279]; Fossat et al. [318]

LoE 3: Nickels et al. [326]

6.2.2  Clinical question: Can supine cycling be considered in the context of mobilisation?

We suggest considering supine cycling in the context of early mobilisation if functional
training is not sufficiently possible.

Grade of recommendation: weak

Level of evidence: 1

Consensus strength: guideline members 94%; professional societies 91%.

Literature:

LoE 1: Waldauf et al. [164]

LoE 2: Waldauf et al. [317]; Fossat et al. [318]; Eggmann et al. [279]; Ribeiro et al. [177]; Takaoka et al. [319];
Berney et al. [327]; Nickels et al. [326]; Medrinal et al. [328]; Dos Santos Machado et al. [321]; Bianchi et al.
[323]; Kwakman et al. [329]; Burtin et al. [322]; Gama Lordello et al. [330]; Windmoller et al. [331]
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6.3 Safety aspects, side effects and contraindications

6.3.1  Clinical question: Is supine cycling safe, or are there patients for whom supine cycling

is contraindicated?

Supine cycling is considered safe when contraindications are considered [279, 319, 320, 328].
Complications are rare and not statistically significant compared to the control group not
performing in-bed cycling. Only one RCT by Waldauf et al. showed increased intracranial
pressure elevations in the intervention group who received a progressive mobility programme
with 90 minutes of daily active exercise, including functional electrical stimulation and bed
cycling. In the subgroup of patients with intracranial pressure monitoring, the combination of
early mobilisation, NMES and supine cycling led to an increase in intracranial pressure

compared to early mobilisation alone [317].

In patients after elective cardiac surgery, integrating supine cycling into rehabilitation reduced
the length of stay; however, it should be noted that the patient cohort consisted of
postoperative patients without any organ dysfunction [177]. For patients with acute
respiratory failure, using supine cycling led to improved functionality, reduced duration of

mechanical ventilation and shortened ICU length of stay [320].

We recommend monitoring intracranial pressure in patients at risk of intracranial pressure
elevations when using a bedside bicycle.

Grade of recommendation: weak

Level of evidence: 2

Consensus strength: guideline members 94%; professional societies 91%.
Literature:
LoE 2: Waldauf et al. [317]

6.4 Clinical question: Which setting for supine cycling should be used?

In-bed cycling can be used for passive (pre-set cadence) and active exercise (with or without
resistance). Cardiorespiratory status, level of alertness or sedation, willingness to cooperate
and global muscle strength must be assessed by the intensive care team based on which the
mode can be set accordingly. However, functional training should be prioritised over even the

highest possible training intensity of supine cycling [279, 318, 320].
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There is little difference between early mobilisations with and without supine cycling. Early

start of mobilisation therapy, as well as active training, should be focused on.

The cadence for passive bed cycling for unresponsive patients in study protocols is usually 20
per minute for 20-30 minutes. Patients must be closely monitored for active modes to not
exceed individual heart rate limits. Verbal or device prompts may increase active participation
in sedated patients. To avoid overexertion, another cycle can be performed after recovery to
baseline values. Sessions may be terminated early at the patient's request or if there are safety

concerns [279, 318, 322, 326, 332].

6.5 Robotics

6.5.1  Definition

Robotics is not a therapy concept on its own but a way of overcoming barriers to (early)
mobilisation, such as a lack of staff. [333-335]. Therefore, appropriate endpoints for using
robotics are a higher probability of (early) mobilisation or staff retention in the context of
(early) mobilisation. Robotics-assisted measures for (early) mobilisation include automated
systems that can perform mobilisations independently of staff or respond to patients in a self-

adaptive way [334].

6.5.2  Clinical question: Does using robotics in addition to (early) mobilisation have a
positive effect?

Suitable studies investigating the benefit of robotics in the context of (early) mobilisation

currently do not exist. Therefore, no recommendation for or against using robotics can be

made. From the expert panel’s point of view, a possible benefit under local conditions should

be evaluated before purchasing any robotic systems.

6.5.3  Clinical question: Is the use of treadmills with body weight support beneficial?

We cannot recommend for or against using treadmills with body weight support but

emphasise the need for studies in that field [334, 335].
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We cannot currently make a recommendation for or against the use of assist devices (e.g.,
tilt tables, treadmills with body weight support) or robotic systems.

Grade of recommendation: [-]

Evidence level: 5 (expert consensus)

Consensus strength: guideline members 100%; professional societies 100%.
Literature:

LoE 2: Kwakman et al. [329]

LoE 3: Frazzitta et al. [336]

LoE 4: Sommers et al. [337]
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7 Neuromuscular electrical stimulation (NMES)

7.1 Definition and rationale

NMES describes a non-invasive, therapeutic intervention in which transcutaneous application
of electrical stimuli leads to an active muscle contraction independently of the patient's
cooperation. This can be of interest, especially in the early phase of critical illness, when
patients are often unable to make an active contribution to early mobilisation due to sedation.
Importantly, the early phase of critical illness is a vulnerable phase during which
pathophysiological processes can be highly relevant for treatment outcomes. This is also
reflected in the fact that an early start of mobilisation leads to more pronounced beneficial

effects than a later start.

In addition to the early start, a longer duration and a higher level of mobilisation are

[258, 259]

7.2 Clinical question: Should neuromuscular electrical stimulation be performed in

the context of early mobilisation of intensive care patients?

In a monocentric RCT from 2018, Fossat et al. investigated the effect of 15 minutes of bed
cycling and sequential 50 minutes of NMES of the quadriceps femoris muscles in addition to
usual care on muscle strength. In 314 randomised patients, muscle strength (MRC score at ICU
discharge - median [interquartile range]: intervention 48 [29-58] vs control 51 [37-58];
p = 0.28) and secondary outcomes (mobility level, delirium, duration of ventilation, mortality,
muscle mass, activities of daily living, follow-up at six months) were not different between the
intervention and control group. No serious adverse events occurred during the study, and the
overall number of clinically significant adverse events was very low (intervention: 7/4159
(0.2%), control: 12/1190 (1.0%) mobilisations). NMES was the safest intervention compared

to regular rehabilitation and bed cycling [318].
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In the randomised controlled trial by Gerovasili et al. from 2009, 49 patients stratified by age
and sex were included. Patients in the intervention group received 55 minutes of NMES of the
quadriceps femoris and peronei longi muscles daily between the second and ninth day after
ICU admission. Consecutive ultrasound scans on the day of randomisation and after seven or
eight days showed that muscle mass loss was significantly reduced in the intervention group

compared to the control group [338].

In their systematic review from 2021, Gutiérrez-Arias et al. investigated whether NMES
affected the duration of ventilation in ICU patients. Twelve randomised controlled trials that
investigated NMES in ventilated patients were included. A meta-analysis from ten studies
showed a significant reduction in ventilation time (mean difference (95%Cl): -2.68 days (4.35

-1.02); p = 0.02). Furthermore, only three studies showed adverse events [339].

Liu et al. investigated the effect of NMES on the development of ICUAW in their systematic
review. Eleven studies were included in the systematic review, whereas depending on the
endpoints, only between two and six studies could be considered for meta-analysis. A
beneficial effect of NMES was shown for the endpoints muscle strength, duration of
ventilation, hospital and ICU LOS, and physical function. In contrast, mortality risk was

unaffected [340].

Zayed et al. addressed the same study question. They could not demonstrate any effect of
NMES on muscle strength, ICU LOS, mortality, and duration of ventilation in a meta-analysis

of five studies [341].

Waldauf et al. conducted a meta-analysis on ICU rehabilitation and independently evaluated
the effects of NMES. In an analysis of 14 studies, NMES did not affect LOS or mortality, but

there was a reduction in the duration of ventilation [164].

A similar approach was taken by Anekwe et al., who considered a total of nine studies for the
systematic review, of which only three studies performed NMES and one study performed
(early) mobilisation with NMES. Analysis of the four studies revealed that NMES reduced the
risk of ICUAW. In a subgroup analysis, however, this effect was only present in the studies that

exclusively investigated NMES [163].
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The International Classification of Functioning, Disability and Health (ICF) measures health and
potential limitations. In their systematic review, Burke et al. looked at the effect of NMES on
the ICF. Of the twelve included studies, three could be considered for the meta-analysis. The
meta-analysis showed a significantly improved muscle strength for the intervention NMES
[342]. The same result was found in the meta-analysis by Wageck et al., which included nine

studies and considered two of them for the quantitative analysis of muscle strength [343].

In many meta-analyses, beneficial effects of NMES on treatment outcomes are demonstrated.
The heterogeneity of these effects is likely explained by the different inclusion criteria of the
systematic reviews, the heterogeneous selection of endpoints within the primary literature
and the search periods. Furthermore, the quality of the meta-analyses is limited due to the
frequently high drop-out rates for the analyses. There needs to be more high-quality
randomised controlled trials with enough cases to evaluate relevant patient-centred
endpoints. Nevertheless, due to the safety of the intervention and its positive effects, NMES

can be considered in the context of (early) mobilisation [339, 344].

Regarding the NMES protocols, no recommendation can be made as there are no systematic
studies at this time. Available studies used different stimulation parameters and found no
harmful effects (Table 5) except for one study with exceptionally high currents, which led to
skin burns [345]. Accordingly, this harmful setting was not included in the compilation of
parameters below (Table 5). Of note, based on a study by Grunow et al., muscle contraction
seems necessary to achieve clinical benefit. Based on their findings, a stimulation with 50.1
mA can identify patients for whom NMES is beneficial with a sensitivity of 100% and specificity
of 84.6% [346].

Table 5: Safety criteria for starting mobilisation from previous publications [324, 345, 347-349]
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We suggest to consider neuromuscular electrical stimulation in the context of early
mobilisation of intensive care patients.

Grade of recommendation: weak

Level of evidence: 2

Consensus strength: guideline members 100%; professional societies 100%.

Literature:

LoE 1: Gutiérrez-Arias et al. [339]; Liu et al. [340]

LoE 2: Nakanishi et al. [350]; Waldauf et al. [164]; Anekwe et al. [163]; Zayed et al. [341]; Fossat et al. [318];
Burke et al. [342]; Wageck et al. [343]; Gerovasili et al. [338]; Routsi et al. [351]

7.3 Clinical question: Is neuromuscular electrical stimulation safe in intensive care

patients?

NMES is generally a safe intervention [339, 344]. In the monocentric RCT by Waldauf et al.,
the intervention protocol-based physiotherapy with functional electrical stimulation
(combination of NMES and in-bed cycling) was compared to standard of care. Intracranial
pressure (ICP) was monitored in four patients in the intervention group and three in the
control group. Notably, there were 23 episodes of increased ICP in the intervention group
during a cumulative 15 days of ICP monitoring, i.e., 1.5 episodes per day of ICP monitoring and
no ICP increase in the control group. In contrast, the ICP increases did not occur during or
immediately after the study intervention. In addition, the intervention group showed poorer

health-related quality of life in the cognitive domain [317].

Based on the subgroup analysis with significantly more episodes of elevated ICP, it is
recommended that patients at risk of elevated ICP should be continuously monitored.

We recommend monitoring intracranial pressure in patients at risk of intracranial pressure
elevations when using neuromuscular electrical stimulation (NMES).

Grade of recommendation: strong

Level of evidence: 2

Consensus strength: guideline members 94%; professional societies 91%.
Literature:
LoE 2: Waldauf et al. [317]
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8 Important research questions

Many questions covered by this guideline still need to be studied more, so we focus on the

most important ones of each chapter.

In the area of positioning, there are no studies on the effect of seated in-bed positioning
(elevated upper body and legs bent and lying downwards) and few on the positioning of awake
patients. Furthermore, the effects of increased PEEP or prone positioning on intra-abdominal
pressure are inconsistent and require further research. In the case of prone positioning, the
following essential questions are inadequately addressed: (1) is prone positioning for more
than 16 hours of clinical benefit, (2) what is the optimal PEEP during prone positioning, and
(3) when should prone positioning therapy be stopped raising the question of how to identify
success or failure of prone positioning. Similarly relevant for clinical practice is the question of
whether the use of positioning aids to perform prone positioning improves the beneficial
effects of prone positioning therapy described above - homogenisation of lung ventilation and
improvement of the ventilation-perfusion ratio - or reduces adverse effects such as skin

damage (intertrigo or pressure sores).

In the area of (early) mobilisation, the most crucial point to be clarified is the adequate dose
of mobilisation, as the results of the TEAM RCT confirmed [273, 280]. How optimal (early)
mobilisation can be performed to lead to the best possible treatment outcome should be
urgently investigated in previously functionally dependent and functionally independent
patients. It is also necessary to clarify whether and how neuro-ICU patients can benefit most.
Especially after aneurysmal subarachnoid haemorrhage with the risk of vasospasm,
randomised controlled trials are needed. Further identification of patient cohorts and their
benefit from mobilisation may enable the development of an individualised approach in the
future, particularly by Big Data and Machine Learning [352]. For clinical practice, an expansion

of the evidence for start and stop criteria of (early) mobilisation would be needed.

Due to the lack of ICU staff, robotics and assist devices are exciting topics that deserve
attention. In addition to relieving staff, such systems have the potential to enable individually
adapted mobilisation via (bio-)feedback systems. Of note, these developments tailored to ICU
patients have only started. Compared to other medical fields, ICU patients cannot support the

robotic systems during acute illness. Therefore, fully automated systems (or with only
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extremely low/short-term effort) are necessary for the attachment and set-up to relieve the

ICU staff. It must also be possible to carry out mobilisation safely without staff involvement.

Currently, neuromuscular electrical stimulation often only stimulates the lower
extremity/quadriceps femoris. Modern systems of the future may achieve a better training
effect by stimulating several muscle groups with little preparation effort, individualised

training programmes, and relieving staff.
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9 Composition of the guideline group in detail

9.1 Participating professional societies and organisations

Table 6. Members of the Guideline Group

Bein, Thomas DGAI from 03.11.2020
Bingold, Tobias DGAI 03.11.2020 bis 10.02.2022
Blobner, Manfred DGAI from 03.11.2020
Brickner, Uta ZVK 03.11.2020 to 23.06.2022
Coldewey, Sina M. DGAI from 03.11.2020
Grunow, Julius DGAI from 03.11.2020
Hamsen, Uwe DGCH from 17.08.2021
Hermes, Carsten DGIIN from 03.11.2020
Jung, Sven DGCH 25.06.2021 to 17.08.2021
Kaltwasser, Arnold DIVI from 03.11.2020

Kredler, Dennis

Patient representatives
(Global Sepsis Alliance)

from 03.11.2020

Lewald, Heidrun DGAI from 03.11.2020
Nydahl, Peter DGNI from 03.11.2020
ReiBhauer, Anett DGPRM from 03.11.2020
Renzewitz, Leonie ZVK from 23.06.2022
Schaller, Stefan J. DGAI from 03.11.2020
Scheffenbichler, Flora DGAI from 03.11.2020
Simon, Karsten DGP from 03.11.2020
Staudinger, Thomas OGIAIN from 03.11.2020
Ullrich, Roman OGARI from 03.11.2020
Weber-Carstens, Steffen DGAI from 03.11.2020
Wrigge, Hermann DGAI from 03.11.2020
Zergiebel, Dominik DGF from 03.11.2020
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9.2 Patient/citizen participation

The guideline was prepared with the direct participation of the patient representative Dennis
Kredler who was entitled to vote and was involved in the preparation and writing of the

guideline.

9.3 Methodical accompaniment

Monika Nothacker, MD, AWMF Guideline Advisor, provided methodological support in the

preparation/updating of the guideline.
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10 Information on this guideline

10.1 Methods

The methods used to prepare this guideline are based on the AWMF regulations (version 1.1

from 02/27/2013) [353].

10.2 Systematic search and selection of evidence

A systematic literature search was performed on May 31, 2021, for articles published between
January 1, 2014 and May 31, 2021. An updated search covering the time from January 1, 2021,
to July 6, 2022, was performed on July 6, 2022.

A detailed description of the literature search can be found in the guideline report. The basis
for the guideline update is the existing S2e guideline: "Positioning therapy and early
mobilisation for the prophylaxis or therapy of pulmonary dysfunction" and the systematic

literature search from 2014 to July 2022.

10.3 Critical evaluation of the evidence

The full texts included were processed using an evidence table from the Association of the
Scientific Medical Societies (AWMF) [354]. The level of evidence was determined for each
study using the Oxford Centre of Evidence-Based Medicine Level of Evidence document (2011
version) [355]. In the updated search, the evidence assessment system was not changed. A
detailed description of the structured evidence assessment can be found in the guideline

report.

10.4 Structured consensus building

Structured consensus was reached using the Delphi technique via online voting. A total of
three Delphi rounds took place. Recommendations with 100% agreement were not put to the
vote unless explicitly requested in the final consensus meeting. In the final hybrid structured
consensus meeting moderated by the AWMF (MN), recommendations were discussed and
voted on, which had not achieved a 100% agreement in the Delphi rounds before. A detailed

description of the structured consensus meeting can be found in the guideline report.
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10.5 Recommendation grading and determination of consensus strength

10.5.1 Determining the level of recommendation

Recommendations were graded according to GRADE (Table 7) [356].

In addition to available evidence, clinical experience was considered in the grading of the
recommendations. In addition, further criteria such as consistency of the study results; clinical
relevance of the endpoints and effect sizes; benefit-harm ratio; ethical, legal, and economic
obligations; patient preferences; applicability to the patient target group and the German
healthcare system, as well as feasibility in everyday life/different health care settings, were

considered.

Table 7. Levels of recommendation according to GRADE

Strong

1 . We recommend/ do not recommend
recommendation

2 Recommendation We suggest/do not suggest

10.5.2 Determining the strength of consensus

Only recommendations with an agreement of more than 75% (of both the professional
societies represented and the nominated representatives) were included in the guideline; a

strong agreement was defined as > 95%.
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11 Editorial independence

11.1 Funding of the Guideline

Partial funding of a student assistant to support the guideline was provided by the German

Society for Anaesthesiology and Intensive Care Medicine (DGAI).

11.2 Declaration of interests and handling of conflicts of interest

A working group without conflicts of interest (TB, SC, FS) created the criteria and defined
implementation in the guideline creation. Low conflict of interest was defined as paid
lecturing/training activities/authorships <1000 €/year and research projects with
management responsibility with governmental funding. Moderate conflicts of interest were
industry-paid lecturing/training activities or paid authorships of 1001-3000 €/year; direct
commercial interests from consulting, expert, or board activities; activity in a company
advisory board (distribution of products related to the guideline); company share ownership;
or research projects with management responsibility funded by industry. High conflicts of
interest were company-paid lecturing/training activities or paid authorship > 3000 €/year;
direct commercial interests from consultant/expert/company advisory board, board of
directors' activities > 3000 €/year; industry employee; owner of patents or copyrights;
company share ownership > 5000 €. Members with low conflicts of interest could not take on
a leading function within topic-specific expert groups, except if that position was shared.
Moderate conflicts of interest did not allow voting, while they could participate in the
discussion. For panel members with high conflicts of interest, commenting was also not
permitted; they could only hand in a written statement on that topic. Conflicts of interest were
categorised into subject areas for which the restrictions applied. Each panel member
submitted Conflicts of interest yearly based on the AWMF's "Declaration of interests and
handling of conflicts of interest in guideline projects" [357] which are publicly accessible on

the website of AWMF.

The heterogeneous composition of the guideline panel, application of the Delphi process,

external moderation, transparency of conflicts of interest and their consequences, as well as
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a public consultation phase of the guideline, could reduce a possible bias caused by conflicts

of interest. Details on conflict-of-interest regulations can be found in the guideline report.

11.3 External evaluation and adoption

The long version of the guideline with all recommendations, evidence tables and the guideline
report were submitted to all participating professional societies for review, comment and

approval by the Presidium or Executive Committee, where they were approved accordingly.
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12 Period of validity and updating procedure

The last revision of the guideline took place on 27.06.2023 by incorporating the comments of

the professional societies. The guideline is valid until 31.01.2026.

The update process includes a review and assessment of the core statements based on the
most recent available evidence using a systematic literature search by the editorial group and
a revision of all evidence according to GRADE (currently Oxford 2011). The revised key

messages will be published as part of the planned update process.

95



13 Abbreviations

6MWD 6-minute walk test
Assessment, prevention and management of pain, Both SAT and SBT, Choice

ABCDEF of analgesia and sedation, Delirium: assess, prevent, and manage, Early
mobility an exercise, Family engagement and empowerment

ARDS Acute Respiratory Distress Syndrome

AWME Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen
Fachgesellschaften e. V.

BMBE Bundesjministerium fir Bildung und Forschung (German Federal Ministry of
Education and Research

BMI Body Mass Index

CABG Coronary Artery Bypass Grafting

Cl Confidence Interval

CPP Cerebral Perfusion Pressure

CRRT Continuous Renal Replacement Therapy

DFG Deutsche Forschungsgemeinschaft (German Research Foundation)

e.V. eingetragener Verein

ECLS Extracorporeal Life Support

EQ-5D-5L European Quality of Life — 5 Dimensions — 5 Level

ESICM European Society of Intensive Care Medicine

FIM Functional Independence Measure

FiO2 inspiratorische Sauerstoffkonzentration

GCS Glasgow Coma Scale

GRADE Grading of Recommendations, Assessment, Development and Evaluation

IAP Intraabdominal Pressure
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ICF International Classification of Functioning, Disability and Health

ICP Intracranial Pressure

ICU Intensive Care Unit

ICUAW Intensive Care Unit Acquired Weakness

IMS ICU Mobility Scale

IQR Interquartile Range

CLRT Continuous lateral rotation therapy

LoE Level of Evidence

MAP Mean Arterial Pressure

MD Mean Difference

MRC Medical Research Council

NMES Neuromuscular electrical stimulation

OR Odds Ratio

P/F-Ratio Ratio of arterial oxygen partial pressure to fractional inspired oxygen

PADIS Clinical Practice Guidelines for the Prevention and Management of Pain,
Agitation/Sedation, Delirium, Immobility and Sleep Disruption

Pa0O; Arterial oxygen partial pressure

PBW Predicted Body Weight

PEEP Positive Endexpiratory Pressure

PICO Patient/Population, Intervention, Comparison, Outcome

PICS Post Intensive Care Syndrom

RCT Randomized Controlled Study

RD Risk Difference

RR Risk Ratio

SAT Spontaneous Awakening Trials
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SBT Spontaneous Breathing Trials

SD Standard Deviation

SCCM Society of Critical Care Medicine

SF-36 Short Form-36

SOFA-Score Sequential Organ Failure Assessment-Score

SOMS Surgical ICU Optimal Mobilisation Score

SpO3 Oxygen saturation

VAP Ventilator Associated Pneumonia

vv-ECMO Veno venous - Extracorporeal Membrane Oxygenation
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